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I. INTRODUCTION.
During the last forty years, there have been numerous
publications dealing with different portions of the volcanic 
area of south-eastern Queensland, or with some representa­
tives of the volcanic rocks, but hitherto there has been no 
attempt to deal with the volcanic area as a whole from a 
petrological standpoint.
Many divergent views have been put forward as to
*The Council of the Royal Society of Queensland desires to
acknowledge its gratitude to the Queensland Government for their 
generosity in printing this paper.
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the age of the volcanic activity, and the field occurrences of the
rocks in a few of the localities have been described. Dr-. H. 1.
Jensen lias thoroughly dealt with the alkaline representatives, 
and as a result they have gained a rather undue prominence, for 
it is found that they form Quite a minor portion of the extensive 
development of volcanic rocks in the area.
The calcic or sub-alkaline rocks have received scant; 
attention, and microscopic, and chemical investigations have 
been, with the exception of the Main Range district, 
restricted almost entirely to the alkaline rocks.
The area under investigation covers about 4,000 square 
miles, and is in the extreme south-eastern corner of Queens­
land. It is bounded by the Pacific Coast on the east, by 
MacPherson’s Range on the south, by the Main Range*, on 
the south-west and west, and on the north by an east and 
west line from Toowoomba to the coast. In addition to 
this main area, the strip of country between the coast and 
the 1)’Aguilar Range as far north as the Glass House 
Mountains, and the Brisbane River Valley as far north as 
Esk, are added.
During the last five years the author has travelled 
extensively over this area., more particularly, however, in 
the southern portion which is tin* least known geologically. 
All the important localities have been investigated. Alto­
gether twenty-five complete analyses1 2of volcanic rocks of 
this area have been recently made in the laboratory of the 
Agricultural Chemist, and these analyses, together with 
nine published by Dr. Jensen,” furnish analyses of all the 
important rocks. Thus it is possible to enter upon a corre­
lation of the various types on chemical lines.
Owing to the absence of any important development 
of fossiliferous rocks since late Mesozoic times, physio- 
graphical considerations must be availed of in elucidating 
the Cainozoic history of this area.
The physical features are so largely connected with 
the origin and structures of the volcanic rocks that an
1 Ann. Rept. Agric. Chein., Q ’land, 1912, 1913, 1914.
2 Proc. Linn. Soc., N.S.W., xxxi.-xxxiv. (1900-1909).
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investigation of the latter is essential before anything 
definite.can be arrived at witli regard to the history since 
late Mesozoic times.
As has been pointed out by E. 0. Marks,3 the problem of the 
geological ages of volcanic activity affects extensive areas of coal 
measures, for by far the greater portion of this area is made up 
of the Mesozoic coal-bearing sediments.
A  great portion of the area dealt with is still covered 
with its dense virgin scrub, and this, coupled with the size 
o f the area and the extreme ruggedness of a great deal of
it, has rendered it impossible to prepare anything other 
than a geological sketch-map, roughly showing the distribu­
tion and extent of the various rocks.
The accompanying sketch-map, however, in a general 
way, indicates the areas which are at present occupied by 
volcanic rocks and, taken in conjunction with the various 
sketch-sections, affords a reasonable idea of the extent, 
distribution, and stratigraphic relationships of the rocks 
of the area.
The main questions which the author has set out to 
determine are:—
A — The relationships of the volcanic rocks—
(a) to one another;
( b) to the sedimentary and metamorphic rocks.
B— The geological period at which these rocks have 
been extruded.
II. PREVIOUS LITERATURE.
E. 0. Marks, in his paper4 “ Notes on the Geological Age of 
Volcanic Activity in south-east Queensland,” has summarised 
the various views put forward, up to that time, as to the age of 
the volcanic activity, and he also gave a list of publications 
particularly bearing on the volcanic area.
Since then, however, there have been one or two 
further contributions: and as it is proposed to discuss in
3 Proc Roy. Soc., Q’land, vol. xxiii., pt. 2 (1912), p. 139. 
4 Proc. Roy. Soc., Q ’land, vol. xxiii., pt. 2 (1912).
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this paper many of the views put forward by previous 
writers as to the extent and age of the volcanic, rocks, a 
resume of tlit1 conclusions drawn by the several investigators 
is desirable.
     A. C. Gregory, in 1875 and 1879), referred the basaltic
rocks in this area to a very recent date in the Tertiary era. 
W. H. Rands, in 1887 and 1889), placed the Brisbane tuffs at
the base of the Trias-Jura; the Woodhill, trachyte as
contemporaneous with what are now called the Walloon or
uppermost Trias-Jura measures; and the Tamborine Plateau 
and MaePherson’s Range basalts and andesites as older than 
the Desert Sandstone (Upper Cretaceous). Rands regarded a 
certain deposit at the head of the Nerang River as being of 
Desert Sandstone age, but this, as shown further on, the author
believes to be really rhyolitic pyro­clastic material which has 
been found extensively developed in that area., and resting 
usually upon underlying basalt Mows. In 1902, Dr. Jack was of 
the opinion that the basalts of the Main Range at Toowoomba, 
and also the Ipswich basalt, were contemporaneous with the 
Trias-Jura rocks in each of these places, but that the basalts at 
Clifton on the Darling Downs were younger than the Trias-
Jura.
In 1898, S. B. J. Skertchly referred to the Toowoomba
basalts as Tertiary in age. H. I. Jensen, in several papers in the
Proceedings of the Linnean Society of New South Wales and 
elsewhere during the period 1906-1909, dealt fully with the
alkaline rocks of the Glass House Mountains, and the Mount
Flinders-Fassifern areas. He showed that the alkaline trachytes
&c., intruded the Upper Trias-Jura, and, on account of their
similarity with the Warrumbungle rocks, he set the Queensland
rocks down as early Tertiary —Eocene or Lower Miocene. He
also considered the South Queensland basalts Pliocene in age.
K. C. Andrews, in 1903, set down the (?) trachytes and
basalts of MaePherson’s Range district as Trias-Jura in age, 
but he has subsequently withdrawn this, and is now inclined to 
view them as Tertiary in age.
Wearne and Woolnough,5 in 1911, described the
occurrence of the rhyolites, trachytes, andesites and basalts
5Proc. Roy. Soc., N.S.W., xlv, p. 137.
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in the south-western portion of the area, and determined 
the volcanic sequence as— i. Trachytes, ii. Andesites and 
dacites, iii. Rhyolites, iv. Basalts; while they believed the
ages of the volcanic eruptions to belong (i.) to the Walloon 
stage of the Trias-Jura Coal Measures &c., (ii.) to the 
Tertiary Era.
E. 0 . Marks, in 1910 and 1911, in referring more 
particularly to the basaltic types of south-east Moreton, 
set down one series, composed particularly of the andesites 
and basalts o f MacPherson’s Range and the Tamborine 
Plateau, as Trias-Jura, and another series, exemplified by 
the basalts near Brisbane, as late or post-Tertiary. The 
same writer in 19128 strongly favoured a Trias-Jura age 
for the trachytic rocks in the Esk district.
In 1913,7 R. A. Wearne gave further evidence for the Trias-
Jura age of a portion of the volcanic rocks of the area.
Microscopic investigations have not been carried out 
previously on the sub-alkaline rocks, except on a few rocks 
by Dr. Woolnough from the locality of Cunningham’s Gap, 
and a few by Dr. Jensen; while chemical investigations have 
been, hitherto, almost entirely restricted to the alkaline 
rocks.
W ith respect to the time at which these volcanic rocks 
have been extruded, we find Rands, Jack, Wearne, and 
Marks have advocated a Trias-Jura age for either all or 
a part of the volcanic series, whereas A. C. Gregory, 
Skertchly, Jensen, and also Andrews of recent years 
have advocated a Tertiary age for the rocks they have 
particularly described.
No previous record has been made by any of the 
writers on this area of the threefold development of upper, 
middle, and lower divisions of volcanic rocks which the 
author has found developed extensively over a great part 
of the area.
6 Queensland Govt. Min. Jour., xiii. (1912). 
7 A.A.A.S., xiv., Melb. 1913.
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III. PHYSICAL FEATURES.
A general examination of the map of the area con­
tinu'd shows cert,ain marked features with regard to the 
drainage (see Plate X .).
It is noticeable that MaePherson’s Range on the south, 
and the Main Range on the south-west and west, form 
very definite water-divides. With respect to MacPherson’s 
Range, on the Queensland side all the drainage is to the 
north and north-east, there being a marked parallelism o f 
the valleys. In fact, the characteristic feature is the 
northerly trend of the drainage until the wider valleys in 
the volcanic-rock-free portions of the Mesozoic measures 
are reached, when there is a marked easterly trend.
The main factor governing this northerly trend is the 
general north and south direction of the ranges forming 
the divide between the streams. An investigation of these 
ranges leaves little doubt as to their being residuals, except, 
perhaps, in the case of some of those in the western part 
of the area. They are either at present capped with vol­
canic. rock, or show signs of having been covered at one 
time, and one is inclined to the belief that the pre-volcanic 
drainage system had a general north and south direction 
and that the north and south ranges of to-day mark the 
sites of the former valleys, or else that, as a result of 
folding movements, there was formed a series of depres­
sions extending in a general north and south direction. 
The field evidence is very much against the latter.
Wearne and Woolnough8 have shown that in Cainozoic- 
times the divide which is now constituted by the Main 
Range was considerably to the east of its present position, 
and that there are traces of several stream channels along 
which the streams flowed in a westerly direction.
The only evidence of extensive faulting is in the 
western part of the area, and the same authors have shown 
the influence of this which has resulted mainly in the 
steep escarpment along the eastern slope of the Main. Range. 
8 Proc. Roy. Soc., N.S.W., xlv.
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The most prominent features of the area are, perhaps, 
the plateaux capped with basic volcanic rocks in the south. 
One finds there the extensive plateaux known as Lamington, 
Roberts, Springbrook and Tamborine Plateaux. While 
slightly undulating on the surface, the first three plateaux 
rise gradually to the south, and on the border the culmi­
nating peaks are approximately 3,500 feet high, while 
Tamborine plateau is only 2,000 feet high. There is little 
doubt that they were at one time all connected. They are, 
however, very much dissected by the head waters of the 
Logan, Albert and Nerang Rivers and in the upper por­
tions of the streams great canyons with almost precipitous 
sides and nearly 2,000 feet deep in some places occur.
All along the south-west and west parts of the area, 
one finds the basalt-capped plateau which constitutes the 
eastern edge of the Darling Downs, and at a height o f 
approximately 2,500 feet. The main portion of the area 
is occupied by the slightly undulating Mesozoic plains 
which are traversed by sandstone ridges in a north and 
south direction. These are now either capped with volcanic 
rocks, or show signs of having been covered at one time. 
The valleys are wide and very deeply filled with alluvial 
material derived from the volcanic-capped plateaux at the 
heads of the streams. The outstanding masses of acid and 
sub-acid rocks form a conspicuous feature, and a close 
similarity of appearance characterises these masses, e.g
M'ounts Lindsay, Barney, Maroon, Edwards, Greville, 
Flinders &c., and the various peaks of the Glass House 
Mountains. These masses range from 4,600 feet above 
sea-level in the case of Mount Barney, to small hillocks. 
The contrast between these peaks of rhyolitic and trachytic 
rocks, and the plateaux of andesitic and basaltic rocks, 
is most marked. The western part of the area is bounded 
by a basalt-capped plateau at a height of about 2,500 
feet above sea-level, but which has along it several peaks 
about 4,000 feet high— namely, Mounts Wilson, Roberts, 
Huntley, Spicer, Mitchell, Cordeaux, Castle &c. On 
the eastern side, along the coast, there is a broad coastal 
plain only a few feet above sea-level, extending from 
near Point Danger to well north of Southport. This 
is here and there dotted by inliers of Palaeozoic schists,
while at Currumbin and Burleigh Heads there are ridges of 
Paleozoic rocks, in some cases capped by basaltic rocks,
dividing the plain.
The drainage of the various plateaux in the south 
usually descends over precipitous cliffs, often 500 feet or 
more in height. These falls are very frequent, and the 
head of each creek generally has its falls several hundreds 
of feet high. The course of the stream is then usually 
through a canyon-like valley with precipitous cliffs, in some 
cases 2,000 feet high, on either side; and the valley itself 
may be only half a mile wide. This young valley usually 
merges suddenly into a mature and well-rounded valley 
immediately the plateau is traversed and the Mesozoic 
sediments without a capping of volcanic rocks are entered 
upon. The contrast between the valleys dissecting the 
plateaux of volcanic rocks, and the valleys in the denuded 
Mesozoic areas, is very pronounced, and is, no doubt, almost 
entirely due to the differential rates at which the rocks are 
worn down.
The streams flowing over the Mesozoic portion of the 
area are very similar in nature, and their maturity is very 
evident. If one views a valley such as the Reynolds’ Creek 
Valley from Mount Greville or the Canungra Creek Valley 
from Tamborine Plateau, the serpentine-like line made by 
the dark vegetation which grows on the banks of the streams 
is very definite. The average fall of the streams when once 
they have left the plateau area is approximately 5 feet per 
mile.
The steep cliffs which frequently form impassable pre­
cipices around the plateaux are due in many cases to the 
undercutting of the loosely-aggregated acid volcanic 
agglomerate and tuff. This acid fragmental rock is usually 
near the lower level of the cliffs, and owing to its ease in 
wearing away, it leaves no support for the overlying hard 
basic volcanic, rocks which consequently fall away leaving 
steep inaccessible cliffs.
All of the plateaux are of the same structure. They 
are made up of a lower series of sub-basic and basic rocks 
resting on either PaUeozoic or Mesozoic sediments; on top 
of this, one finds either acid tuff, agglomerate, or lava, and
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resting on this, numerous flows of sub-basic and basic 
rocks. The upper series may contain twenty or more 
different flows, and individual flows may attain a thickness 
of 100-120 feet, though usually they are much less than 
this. These separate flows result in a series of ledges being 
formed along the cliff faces.
In the south-eastern part of the area, even in the areas 
free from volcanic rocks, the topography is very young 
and this is especially so in the upper parts of Little Nerang 
Creek, Mudgeeraba Creek, and Currumbin Creek. The 
youth of the valleys results from the resistant character of 
the Palaeozoic schists, and is contrasted very sharply with 
the mature valleys of the streams in the areas of Mesozoic 
sediments.
The relationship between the vegetation and the rocks 
is a very striking one. The volcanic rocks are usually 
clothed with scrub, the sub-basic and basic rocks being 
thickly coated with true scrub, and the acid and sub-acid 
rocks with either bastard-scrub or forest timber. The 
Mesozoic and Palaeozoic rocks are clothed with the normal 
forest timber. The value of selections on rhyolitic country 
is not nearly as high as that of selections on andesitic or 
basaltic country, although all other conditions may be 
similar. The part which the volcanic rocks have played in 
the production of the soils of the rich valleys of this area 
is, of course, very great, and a close relationship between 
the fertility of the soil and the rock is observable.
IV. EARTH MOVEMENTS.
Dr. Jensen9 has discussed the faulting near Mount 
Flinders and west of Ipswich, while Wearne 10 and Wool- 
nough have shown the extensive faulting which has gone 
on in the western and north-western portions of the area. 
The author has obtained evidence which is in general accord 
with the conclusions arrived at by these investigators. 
Just to the north of Brisbane near Albion, a fault line in a 
north and south direction is known, but this is of no great 
importance.
9 Proc. Linn. Soc., N.S.W., xxxiv., p. 68. 
10 Op. cit., pp. 140, 141.
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Apart from the above instances, no important fault 
movements are known to have occurred.
Folding movements of only a very gentle nature have 
taken place since, the Paheozoie era.
The earth movements might then be regarded as being 
of a vertical nature, and the important ones have*, taken 
place in the western and north-western parts of the area, 
along linos having a general north and south direction.
These movements took place in Oainozoic time and 
the last groat movement occurred after the volcanic activity 
had ceased for some time.
V. VOLCANIC ROCKS.
( i .)  G e n e r a l  P e tr o l o g y .
The maximum thickness of volcanic rocks in any one 
area is approximately 11,000 feet, and this is seen to be 
made up in general of three main divisions, the lower 
basaltic members, the middle rhyolitic and traehytic mem­
bers, and the upper basaltic and andesitic members. The 
upper division has the greatest development and the lower 
division the least.
This maximum thickness of 3,000 feet does not occur 
only in isolated places, but is general along MacPherson V. 
Range, and in parts along the Main Range. The southern 
plateaux have an average elevation of approximately 2,500 
feet, with volcanic deposits about 2,000 feet thick.
Tamborine Plateau, however, has an average thickness 
of about 800 feet of volcanic rock: Springbrook Plateau 
has about the same but rising to a thickness of 1,000 feet 
at least at its southern termination.
Lava flows exist at all levels from the sea-level at Lytton,
Wellington Point. Point Danger &c., to over 4,000 feet in the 
south and west. An examination of the map shows that the 
present-day development is particularly in the south and the 
west, but there is very strong evidence of the development 
having been very much more extensive both to the north and 
east of the present main masses. In
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all probability there was a connection between the Tam- 
borine Plateau and MacPherson’s Range, and also a general 
extension in a westerly direction to Mount Lindsay. The 
length of time over which the volcanic activity resulting 
in these deposits extended must have been considerable, for 
in many cases the formation of soil on the surface of the 
bows has taken place, and in others river gravels and 
lacustrine deposits have been formed before the succeeding 
flow has been poured out.
There seems to have been a decided lapse of time be­
tween the extrusion of the lower and middle divisions of 
rocks, for in the Lamington area the acid agglomerate 
belonging to the middle division rests on extremely 
weathered basaltic material, and incorporated in the acid 
agglomerate are lumps of underlying soil. The same holds 
good between the middle and upper divisions.
In the Upper Chinghee Creek area, a deposit of river 
gravel several feet thick, containing well-rounded pebbles 
of the underlying basalts and rhyolites, occurs between the 
rhyolite and the overlying basalts. The upper division is 
made up of a large number of flows, and there are abundant 
instances in many localities of the production of surface 
soils before the succeeding flow took place. In some cases 
there are stems and roots associated with the soil, and in 
other places deposits of diatomaceous earth, between suc­
cessive flows of lava, as at Mount Meerschaum, Beech 
Mountain, Point Danger, &c.
The total amount of denudation which has gone on 
since volcanic activity ceased has been very large, and 
valleys have been carved out to a depth of 2,500 feet e.g.,
the Christmas Creek Valley— through the volcanic rocks. 
In other places, as in Canungra Valley, there has been a 
cutting down through 1,000 feet of volcanic rocks, and 
through 700 feet of Mesozoic sediments, giving to-day a 
stream with a very meandering nature. At Cunningham’s 
Gap also, the volcanic rocks had been denuded at least 1,500 
feet, giving a well-rounded valley before the faulting 
along a north and south direction, which resulted in the 
so-called air-gap, took place. It is thus quite clear that
sssm m m
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the volcanic activity extended over a lengthy period, and
also that there has been considerable time since the last 
volcanic outburst.
The extrusions appear to have been poured out under 
sub-aerial conditions, for nowhere in the area is there any 
evidence of marine deposits, but on tin; other hand, one has the 
occurrence between the flows, of soils in situ, of river gravels, of 
deposits of diatomaceous earth, and of the lacustrine Oxley beds 
which directly underlie the basalts at Cooper’s Plains, and the 
trachytio rocks at Redbank Plains. The volcanic rocks show 
great variation in types, and they range from rhyolites to 
basalts. Rhyolites, trachytes, andesites and basalts are all 
abundantly represented though rhyolites and basalts seem to 
have the greatest development. Pitchstones and obsidians are 
associated with the rhyolites. In addition to the normal lavas, 
there are tremendous accumulations of pyroclastic material.
in considering the alkaline or sub-alkaline nature of the 
rocks it is found that there is a definite series having alkaline 
characteristic's, but the great majority are definitely sub-
alkaline. The terms alkaline and sub-alkaline are used all 
through as the equivalents of the terms “atlantic” and “pacific” 
as used by Harkcr. In addition to these 
two series, a third series which has characteristics inter- 
mediate between those of the alkaline and sub-alkaline series is 
developed to a minor extent.
Deposits of fragmental material are common in many 
parts of the area, but the greatest development of these is in 
association with the acid members. In the Lamington Plateau 
area in particular, basaltic agglomerate is associated with the 
lower basic rocks, while on the Main Range at Spicer’s Peak, 
and in particular at Toowoomba, there are fragmental deposits 
associated with the basic rocks. At the latter place the 
development of basic tuff exceeds that of any other part of the 
area. While fragmental rocks among the lower and upper 
basaltic series are localised, there is a widespread distribution 
of acid and sub-acid fragmental material, especially of the 
former, over an area of 300 square miles right in the south.
BY H . C. RICHARDS. 117
Apart from the fragmental material, however, very 
extensive deposits of lavas of basic, intermediate and acid 
natures occur. The most widespread distribution of lavas 
is with the andesites and basalts belonging to the upper 
division.
The lower division, made up of basic and sub-basic
rocks, is very widespread, being found over almost the 
whole area in the south and south-west, which is at present 
covered with volcanic rocks. The greatest development is 
at Mount Lindsay where it has a thickness of at least 1,500 
feet, but usually it is less than 100 feet thick.
The middle division is made up of rhyolites and
trachytes together with their glassy and fragmental repre­
sentatives. As far as extensive development is concerned, 
the rhyolites are confined to the southern portion extending 
over an area bounded on the south by MacPherson’s Range, 
while the trachytes occur in the south-west, generally along 
the line of the Main Range. However, trachyte is found 
in the southern area at Cainbable Creek, and rhyolite in 
the south-western area at Mount Alford. A  remarkable 
similarity exists between the fragmental deposits all over 
the southern area, and not only is this confined to the 
actual nature of the material and its included fragments, 
but also to the manner in which it occurs and weathers. 
The acid lava is found either above or below the volcanic 
agglomerate, though on the Springbrook Plateau, where 
there is a widespread distribution of both lava and frag­
mental material, the lava occurs with agglomerate both 
above and below. In the Main Range area at Spicer’s Gap, 
the agglomeratic and tuffaceous trachytic material appears 
to be above the trachytic lava.
The thickness of this middle division may be 1,000 
feet, as is the case at the Springbrook Plateau. At this 
place the rock is rhyolitic and not more than 200 feet is 
fragmental.
The upper division, of sub-basic and basic rocks, is
made up of a very large number of separate flows amongst 
which, in the same locality, there may be considerable 
variation.
One may have, as at Tamborine Plateau, fine-grained
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basalts, olivine-basalts and porph.vritie andesites resting on 
one another, or at Lamington Plateau, a series of about: twenty 
different flows of basalt. Tbe individual flows vary greatly in 
thickness, in vesicular nature and in texture; in addition to this, 
they do not seem to be very persistent, but rather to overlap one 
another. The maximum thickness of the upper division is 
approximately 2,000 feet.
Pyroclastic material does not occur in this upper 
division throughout, the southern plateaux, but on the Main 
Range one finds it on top of Mount Spicer in the form of 
agglomerate, and at Toowoomba, there is a most extensive 
development of tuff. Basalt is much more widespread 
than andesite, and the greatest development of the andesitic 
type occurs in the east and south-eastern portions of the 
area, while the southern and western portions arc almost, 
entirely basaltic and usually rich in olivine; this is particularly 
the case at Toowoomba.
Nature of Extrusions and Sequence of Flows.
All three divisions are widespread, and there is a good deal 
of variation in the thickness in different localities. The acid and 
sub-acid members occur in the middle division; the lower and 
middle divisions are characterised by abundant pyroclastic 
material; while the upper division, except in one or two isolated 
and widely distant localities, has no development of pyroclastic 
material, but is built up of a large series of flows none of which 
attain any very great thickness. It is clear that the upper 
division at least was characterised by a tranquil welling out, 
such as characterises fissure-eruptions, and preceding this 
period, during which such a tremendous amount of volcanic 
material was quietly effused, there was one of violent out­burst 
giving the large accumulations of acid volcanic agglomerate and 
tuff. This period of explosive violence must have been a fairly 
extensive one or else it was most prolific in the production of 
material. There is a remarkable similarity throughout the whole 
of the southern area, where the acid agglomerate is particularly 
developed, in this pyroclastic material; and the uniformity of 
nature and the widespread distribution incline one to the view 
that there must have been a large number of
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volcanic vents from which the material was showered forth 
at the same time. One of the characteristic included frag­
ments in the agglomerate is a black pitchstone containing 
abundant white felspar phenocrysts, and it is an exception 
to find any occurrence of the agglomerate without frag­
ments of this material. The only source of this pitchstone 
actually encountered was Mount Lindsay, yet it characterises 
agglomerates at least 36 miles away. Associated with the 
acid agglomerate, extensive flows of rhyolite are found 
particularly in the south-eastern portion of the area. The 
highly-fiuxioned lithoidal rhyolite of the Springbrook 
Plateau and Tamborine Plateau differs from the porphy- 
ritic rhyolite met at Upper Chinghee Creek and the less 
porphyritic but more glassy type near Mount Lindsay, so 
that one does not find the same similarity of lavas as of 
pyroclastic material. The Chinghee Creek and Mount Lind­say 
material can each be reasonably ascribed to two closely adjacent 
volcanic vents, while the fine-grained more fluxioned and more 
extensive acid flows in the south-east of the area are -most likely 
derived from a fissure or series of fissures with a general north 
and south extension.
Associated with the trachytes of the Main Range, as at 
Mount Roberts and near Spicer’s Gap, there is fragmental 
material, and while there has been a quiet welling out 
along a north and south set of fissures of the trachytic 
material, as well as explosive outbursts, there is a series 
of plugs characteristic of the central type of eruption in 
a general north-east and south-west direction from the 
Main Range to Mount Flinders. It is probable that also 
during this period the rhyolitic and trachytic rocks were 
formed in the Esk and Glass House Mountains districts.
The material of the lower division appears to have 
resulted rather from fissure eruptions than from central 
vents, for although there is at Christmas Creek a develop­
ment of agglomerate, the general uniformity of the lava 
and its widespread distribution taken, into conjunction 
with its comparative thinness point towards a series of 
fissures forming the channels for the effusion.
It is a somewhat difficult matter to determine the 
sequence of the various volcanic products over the whole
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urea, but in a general way the order can be established. 
Volcanic activity seems to have been ushered in with the 
extrusion from fissures of a normal basalt; this was suc­
ceeded by olivine-basalt. The latter portion of the period 
was characterised by explosive action in certain isolated 
localities, and may have been due to the choking of the 
fissures. This ended the first period of activity. After 
some time the intensely explosive action marking the 
second period developed and large deposits of rhyolitic 
agglomerate containing fragments of rhyolite and pitch- 
stone were hurled out, to be succeeded in certain centres by 
lava flows of an acid nature, these being succeeded by the 
volcanic agglomerate again. 'Pile ashy material in some few 
localities was deposited in water and tuff resulted, but the 
occurrence of bedded ashy material is very limited. While 
the acid material was being extruded in the southern 
portion of the area, sub-acid ashes arid lavas wore being 
extruded in the south-west and generally along a north­east and 
south-west line to Mount Flinders. I)r. Jensen,11 in dealing with 
the Mount Flinders and Fassifern areas, pointed out this 
probability. Most of the material during this period was 
extruded through vents of the central type, though the trachytes 
along the Main Range were probably the result of fissure 
eruptions.
Succeeding this period of activity, which was charac­
terised by such prolonged and intense explosive action, 
there was the third period during which a, vast accumula­
tion of basic and sub-basic rocks was poured out. Generally 
speaking, the operations of this period seem to have; been 
of a tranquil nature, and the material to have been ex­
truded through a large number of fissures. Olivine-rich 
basalts are the predominant lavas of this period, but there 
is in the south-eastern portions of the main area, and also 
in the south-eastern coastal area, a development of ande­
sitic rocks. These seem to have been extruded at an early 
time in this third period, but in almost all cases basalts 
or olivine basalts were first poured out. The final extru­
sions were almost all of a rather basic nature, and olivine 
basalt is characteristic of the uppermost flows. The
11 Proc. Linn. Soc., N.S.W., xxxiv. (1900), p. 72.
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explosive element seems to have become more pronounced 
towards the end, and the extrusions were apparently 
carried out through vents of the central type, and accom­
panied by moderate explosive action except at Toowoomba, 
where it seems to have been particularly violent. The 
sequence from below upwards might then be stated as 
follows:— Normal sub-alkaline basalts followed by olivine- 
basalts, then the normal rhyolites, trachytes and the various 
alkaline lavas; these in turn were succeeded by olivine- 
basalt, andesite, andesitic basalt and olivine-basalt, 
generally speaking in that order.
Comparison with Cainozoic Volcanic Bocks of New South
Wales and Victoria.
When one compares the threefold development of 
volcanic rocks in this area with the Cainozoic volcanic 
rocks o f New South Wales and Victoria, a most interesting 
correlation is seen. In New South Wales there is a con­
siderable development of older sub-alkaline basalts which 
rest upon leaf beds which are considered to be of early 
Cainozoic age, and these older basalts are especially deve­
loped in the New England district. A  series of alkaline 
lavas and tuffs occurring in the Canoblas, Warrumbungle, 
and Nanclewar regions is, in part at least, ascribed to the Upper 
Miocene,12 and the remarkable similarities between many of 
these lavas and those of south-eastern Queensland have been 
pointed out by Dr. Jensen. In addition to these two 
developments, there is a series of newer sub-alkaline basalts at 
Ben Lomond, Gulgong, Inverell &c., which are regarded as 
probably Pliocene.
In Victoria 13 an older and a newer series of sub-alka­line 
basalts, belonging to the Lower and Upper Cainozoic 
respectively, occur, and also a development of alkaline 
lavas which are mainly trachytic and in many respects 
very similar to the alkaline types from this area. This 
alkaline series is believed to be of Middle Cainozoic age, 
and is certainly older than the newer series of sub-alkaline 
basalts.
12 T. W. E. David, N.8.W. Handbook, B.A.A.S., 1914. 
13  E. W. Skeats, A.A.A.S., vol. xii., 1909.
B
A tabulated comparison is given in the next chapter.
It is interesting also to note that J. A. Douglas,14 in a 
paper on “ Geological Sections through the Andes of Peru and 
Bolivia,” points out that after the intense folding and elevation 
which took place in Middle Tertiary times, result­ing in the 
raising of the Andes, volcanic activity continued and vast sheets 
of rhyolitic lavas and tuffs were poured out, and these were 
succeeded by the trachytic lavas which build up Mount Taapaca 
and the andesites and basalts of Mount Tacora and Chupiquina.
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( ii.) A ge of Effusive Rocks.
The acid pyroclastic material, near Brisbane known as the 
Brisbane Tuff 15 is unquestionably at the base of the Ipswich 
Series of Coal Measures, and there is no doubt as to its early 
Trias-Jura age. Apart from this minor occurrence, however, the 
most recent opinions expressed by writers, namely K. 0. Marks 
and R. A. Wearne, on the volcanic rocks of this area have been 
certainly in favour of a late Trias-Jura age for at least a 
considerable portion of the extruded material. Tin* author, after 
a most careful investigation into all the evidence adduced in 
favour of these opinions, is unable to accept them, but, on the 
other baud, is convinced of a post-Walloon age for the whole 
development. If the Walloon measures represent the upper­most 
Trias-Jura deposits, then the whole volcanic develop­ment is 
post-Trias-Jura. All the direct and indirect evidence appears 
undoubtedly to point in this direction, and Messrs. Marks and 
Wearne, who have been the most ardent advocates of an Upper 
Trias-Jura age for a great deal of the volcanic material, have 
accepted the author’s interpretations of the sections and 
occurrences which had formerly chiefly led them to their 
conclusions.
The volcanic rocks are found resting on top of the 
Trias-Jura sediments in all parts of the area, except in the 
south-east, where they rest on the Paleozoic schists. In no
14 Q.J.G.S., vol. Ixx. (1914), pp. 47, 48.
15 W. H. Rands, Q ’land Geol. Surv., Pub. 34.
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locality is there any interbedding of the volcanic flows or 
pyroclastic material with the Mesozoic sediments, but on 
the other hand there is abundant evidence of inclusions of 
the Mesozoic sediments in the overlying volcanic rocks. 
Rhyolitic pitchstone, trachytic and basaltic dykes and sills 
intrude the Walloon Coal Measures in different localities.
In several places, deposits of diatomaceous earth a 
few feet thick occur between successive flows of basalt in 
the upper division of volcanic roks. These deposits occur 
.at Mount Meerschaum, Beech Mountain, Tweed Heads, near 
Rosewood &c. In some cases the diatomaceous material has been 
altered into common opal,16 but where it is unaltered frequent 
traces of plant-remains are found. These remains are imperfectly 
preserved and not capable of precise deter­mination, but amongst 
them remains of dicotyledonous plants can be recognised; this 
places these basaltic flows as post-Trias-Jura at least. In the 
middle division of acid and sub-acid rocks abundant fragments of 
the Mesozoic sediments occur. The most notable example is in a 
small cliff section in Upper Christmas Creek, between portions 
62v and 72v. Here, a mass of shale many feet in diameter is 
included in volcanic agglomerate. The shale is standing with its 
bedding approximately vertical and it contains not only a highly 
carbonaceous band, but also fossiliferous shale bands containing 
Cladophlebis which characterises the Upper Trias-Jura 
measures of this locality.
An examination of this section leaves no doubt what­ever as 
to the included nature of the mass of shale, and it furnishes 
definite evidence of a post-Walloon age for this volcanic material. 
The compactness and nature of the material in the shale-block 
indicate that a considerable period of time had elapsed between 
its formation and the disruption from the bedded position.
The basalts of Cooper's Plains and the trachytic 
material at Redbank Plains both overlie the Oxley beds as 
shown by Marks 17 and Cameron. The Oxley beds which
16 Q ’land Mineral Index, Q'land Geol. Surv., Pub. 241, p. 961; 
E. W. Skeats, Proc. Roy. Soc., Q ’land, xxvi. (1914).
17 Q ’land Geol. Surv., Pub. 225 (1910), p. 53.
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contain remains of dicotyledonous plants, fish, and reptiles 
are most probably Tertiary, though they may be Cre­
taceous. In any case these occurrences of volcanic rocks 
are certainly post-Trias-Jura and most likely Cainozoic 
in age. There seems to be a definite connection between the 
trachytic material of the Redbank Plains and that along the 
line of eruption from Mount Flinders to the Main Range, 
so that there is additional evidence of a post-Trias-Jura 
age for the middle and upper divisions of the volcanic 
rocks at least. It will be noticed that all the direct evidence 
as to age is based on fossil leaves with the exception of the 
Oxley beds which in addition to dicotyledonous plants 
contain fish and reptilian remains. As to the latter beds, 
the question of age is merely one between the Cretaceous 
and Cainozoic. The direct evidence is thus seen to point 
to a Cainozoic age for the whole development.
The indirect evidence, obtained from a correlation of 
these rocks with similar ones in New 6outh Wales and 
Victoria, is seen to be in accord with the above, and the 
following table shows an interesting comparison between 
the developments in the three States.
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As E. 0. Marks and R. A. Wearne, the most recent writers
on the age of the volcanic activity resulting in these rocks, lmve 
so definitely advocated a Trias-Jura age for at least a 
considerable portion of them, the author has found it necessary 
to deal with this matter rather fully. Marks writes 18:—
“  The present writer in examining the coal- 
measures south of Brisbane came to the conclusion that 
the volcanic rocks met with, almost entirely of the
basaltic type, belong to two ages, Trias-Jura and late or 
post-Tertiary. In a flying visit to the coal-seams 
outcropping on the Upper Logan district, a site was 
pointed out by Mr. Buchanan, where an out­crop of 
carbonaceous shale or weathered coal had been covered 
by a recent slip in the bank of Christmas Creek. Mr. 
Buchanan remarked on the outcrop being perpendicular, 
and the writer observed that the sandstone in 
juxtaposition with the fallen ground was also 
perpendicular, and that this sand­stone contained 
rounded pebbles of basalt similar 
macroscopically to the andesitic basalt of the neigh­
bourhood. Some distance further down the creek, 
a similar sandstone is seen resting on the basalt. 
Owing to circumstances, a detailed examination 
could not be made then, but the section thoroughly 
convinced the writer of the Trias-Jura age of the 
basalt in that locality. . . . The sandstone and
included basalt is presumably on the same horizon 
as that observed by Mr. Rands, and ascribed by 
him to the Desert Sandstone. . . .  It is more 
than probable, there being no evidence to the 
contrary, that the sandstone observed by Mr. Rands 
is of Trias-Jura age, like the remainder of the 
sandstone in the neighbourhood.”
It was the above that mainly led Marks to a Trias- Jura
age for most of the basaltic rock, more especially for that in the 
eastern portion of MacPherson’s Range. The cliff section pointed
out by Mr. Marks was the one already described by the author 
earlier in this paper (see
18 Proc. Roy. Soc., Q ’land, xxiii., pt. 2, p. 142.
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page 123), and there is no doubt that the “ sandstone”  in 
juxtaposition to the fallen ground which contained pebbles 
of andesitic basalt is in reality the acid pyroclastic 
material which occurs developed to such an extent in that 
area. There is absolutely no trace of included fragments 
of volcanic rock in the mass of included shale, but the 
volcanic fragmental rock which surrounds it is thickly 
strewn with both rhyolitic and basaltic fragments, some of 
which attain several inches in diameter. The so-called 
“ similar sandstone”  further down the creek is also the 
acid pyroclastic material. I have communicated with Mr. 
Marks who is now in Dublin, and he quite accepts my 
interpretation, indicating also that he did not have a 
proper opportunity of thoroughly investigating the section. 
He writes: “ The fact that the upturned strata are only 
part of a, comparatively small mass enclosed in the tuff 
is an unexpected explanation of the section which I could 
only explain by contemporaneous action. It is very in­
teresting and of course accepted, and removes the only 
definite evidence I saw of contemporaneous vulcanicity. ”
The material called desert sandstone by the late Mr. 
Rands,19 and which forms the summit of the ranges between 
Nixon’s Creek and Back Creek, is also the acid pyroclastic 
rock.
It is somewhat remarkable that both Rands and Marks 
should have regarded this material as sandstone, but the 
author of this paper is quite convinced of the real nature 
of the material as he has had repeated opportunities of 
investigations in innumerable cliffs, distributed over a 
large area, and has also investigated micro-sections (see
Plate X III., fig. 3) of the more compact material.
It is thus clear that Mr. Rands’ pre-Cretaeeous age for 
the basalt underlying the acid agglomerate and acid tuff 
at Nixon’s Creek and Nerang Creek is not borne out on 
the evidence.
Mr. Rands described the Woodhill trachyte as a flow 
interbedded with the Walloon measures, but the true rela­
tionship is masked by faulting, and one needs to assume
19 Q ’land Geol. Surv., Pub. 51 (1889).
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loss in interpreting it as a sill than as an interbedded flow. 
The material is very much weathered and is probably a sill 
connected with the trachytic mass at Mount Flinders.
The evidence put forward by Wear lie 20 for a Trias- 
Jura age for some of the volcanic rocks is here summarised 
and is as follows:—
(1) Occurrence of waterworn volcanic pebbles in 
beds of conglomerate, near the top of the 
Walloon series. These pebbles have been found 
near Mount Flinders, near Mount Alford, in 
Blenheim Creek and near Esk.
(2) Occurrence of a piece of volcanic tuff contain­
ing imprints of Trias-Jura plants and associated 
with basalts at the Ilip Roof Range, south of 
Laidley.
(J) Occurrence near Esk of volcanic tuff contain­
ing imprints of Trias-Jura plants. ,
(4) Interbedded alkaline trachyte with shales con­
taining fossil plants of Mesozoic age, 5 miles 
north of Esk.
With respect to (1) the author has carefully examined 
many similar conglomerate heals, and most of those men­
tioned by Wearne, and there is no doubt about the presence 
o f trachytic, rhyolitic and basic-porphyry waterworn 
pebbles in these* beds which are apparently of Walloon age. 
The pebbles, however, are not quite comparable with the 
trachytes and rhyolites which have been described as vol­
canic lavas &<*.. but they arc indistinguishable from the 
rhyolitic and trachytic material which occurs as intrusive 
dykes through tin* Pahvozoic rocks of this area. These dykes 
are particularly well seen in the Taylor Range area, and 
have been described by Bryan.21 There is no doubt that 
these dyke rocks, which represent the hypabyssal ohase 
following the deep-seated intrusions of grano-diorite 
material occurring along the D ’Aguilar Range, are older 
than the Trias-Jura sediments, as one never finds the intru-
MProc. Roy. Soc., N.S.W., xlv.; A.A.A.S., xiv., Melbourne, 1913.
71 Proe. Roy. Soc., Q ’land, xxvi. (1914).
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•sions passing from the Palaeozoic schists to the Mesozoic 
.sediments, but on the other hand they stop at the junction.
One can thus easily account for the presence of these 
pebbles, and it is clear that there need be no relationship 
.at all between these waterworn pebbles and the volcanic 
rocks which are found resting on the Walloon sediments, 
and in fact the evidence is against it. The author knows 
of no basalt pebbles, although melanocratic porphyritic 
rocks which have some resemblance to porphyritic basalt 
are sometimes met with, but these also occur as pre-Trias- 
Jura hypa.byssal material.
(2.) The piece of “ volcanic tu ff”  containing fossil 
plant-remains such as Tceniopteris daintreci was about 3 
-or 4 cubic feet in volume, and was found by Messrs. Wearne 
and Zerner. They also found another smaller piece. The 
author investigated this locality with Mr. Zerner, and 
although the same track was traversed to the top of the 
range, and diligent search made, no further traces of 
“ volcanic tuff”  were found, but on the other hand many 
■small boulders of sandstone and quartzite were met with. 
This particular range is made up of quartzites, sandstones, 
conglomerates and shales, to a height of 1,500 feet above 
sea-level, and it is capped by about 600 feet of olivine 
basalt. Messrs. Wearne and Zerner found their plant­
bearing fragments at heights 1,350 feet and 1,700 feet 
respectively..
Between the heights of 1,150 feet and 1,750 feet 
nothing other than basalt is met, except the occasional 
sandstone and quartzite boulders lying on the surface. In 
many other areas one finds these xenoliths included in the 
basic flows, and it is most probable that these quartzite and 
sandstone boulders which are indistinguishable from the 
underlying quartzites and sandstones have been caught up 
by the.basalt, also that the “ volcanic tuff,”  which to the 
author seems a light-coloured shale, simply represents 
underlying Mesozoic sedimentary material caught up in 
the basalt and brought along with it. There is no develop­
ment at all of trachytic rocks in this district, and this has 
been pointed out by Wearne in his report to the Melbourne 
meeting of the A.A.A.S. in 1913.
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(3.) Near Esk, one finds in the coal measures a groat, 
amount of felspathic material in the shales and sandstones. 
This is derived from the weathered grano-diorite whieh 
occurs a few miles to the north-east, and an examination 
shows all stages of the material, from thoroughly broken- 
down particles right up to fresh grano-diorite pebbles 
which are abundantly distributed through the beds.
The felspathic particles in the shales are often quite 
largo, and bear a very close resemblance to the other 
weathered felspars on the surface of the included pebbles. 
The assumption that this material is traohytie tuff does 
not seem at all justified, and the author interprets it merely 
as felspathic sandstone and shale which are made up o f 
material largely derived from weathered grano-diorite. A 
micro-seed ion of the* so-called “  trachyte-tuff ”  which con­
tains fossil plants was shown te> the author by Mr. Wearne 
and it is best described as a fine-grained argillaceous sedi­
ment through which are distributed abundant angular- 
grains of quartz. There* is nothing of the microscopic 
characters of a tuff associated with this rock, and it bears 
no resemblance* to the undoubted tuffs which are* found in 
other parts of the area.
(4.) This occurrence of trachytic material is between 
portions 155 anel 157, parish of Esk, and is encountered on 
the roaelside as erne ascends the* ridge towards Ottaba 
Station from Esk. Instead of being alkaline trachyte inter- 
beehled with shales, the* author regards it as a dyke of 
trachy-andesite. This material is very much weathered, 
but a somewhat similar rock which has been analysed 
occurs at portion 51, parish of Esk, and the latter is one of 
the series of rocks which are regarded as belonging to an 
intermediate series between the normal alkaline and sub- 
alkaline series. The strike of the sedimentary rocks is 
320° east of north, and of the dyke 340° east of north, and 
the material cuts across the beds, so that it is a dyke and 
not an interbedded flow. The strata are fairly highly 
tilted here, and are made up largely of felspathic sand­
stones and shales, containing abundant Mesozoic plant- 
remains. Quite close in the railway cutting, large dykes 
o f augite-andesite have definitely intruded and baked the
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Mesozoic sediments. These sedimentary rocks are tenta­
tively regarded as belonging to the Walloon stage of the 
Trias-Jura, so that the evidence here is certainly not in 
favour of a contemporaneous age for the trachytic rocks, 
and the Walloon stage of the Trias-Jura, as has been 
advocated.
This question of age has been discussed at some length 
and all the important pieces of evidence which have been 
adduced in favour of a Trias-Jura age have been discussed. 
The author is unable to accept the evidence for a Trias- 
Jura age, but is firmly of the opinion that these rocks have 
all been extruded during the Cainozoic era.
The direct evidence as well as the indirect evidence 
leads one to this conclusion, and the correlation with 
similar extrusive material of Cainozoic age in New South 
Wales and Victoria is strong confirmative evidence.
The volcanic activity which resulted in the wide­
spread distribution of these volcanic rocks probably began 
in the Lower Cainozoic and continued until the Upper 
Cainozoic.
(m .) R h yo litic  R o ck s .
These occur as lava flows, plugs, dykes and pyro­
clastic accumulations. They were all formed during the 
second great period of activity, and although they are 
represented in nearly all parts of the field where volcanic 
rocks are encountered, the greatest development is in the 
southern portion.
Wearne and Woolnough22 made reference to the 
rhyolites o f Mount Barney, Mount Maroon, Mount Alford 
and Glennie’s Pulpit. Jensen23 also referred to these 
rhyolites, but hitherto there has been no treatment of the 
big development of the rhyolitic rocks in the southern and 
south-eastern portions of the area.
These rocks have resulted from central eruptions for 
the most part, and setting aside the pyroclastic material 
they usually occur more or less as isolated masses along
22 Op. cit.
23 Proc. Linn. Soc., N.S.W., xxxiv., p. 72.
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somewhat definite lines. In the Springbrook and Tam- 
borine areas however, fissure eruptions were most probably 
responsible for the extensive development of lithoidal 
rhyolite which is found then?. All stages from holocrys- 
lailine to thoroughly glassy rocks are represented, and 
there is a great diversity of types. In the lava flows both 
the porphyritic and lithoidal varieties occur, though the 
latter are the more abundant.
Definite flows are found building up portions of Tam- 
borine Plateau, Springbrook Plateau and MacPherson’s 
Range from Mount Cougal on the east nearly to Mount 
Wilson on the west. Along the Coomera River there are 
also extensive lava flows. A general idea of the thickness 
of these flows has already been given.
Large masses which seem to represent plugs associated 
with central vents occur at Miount Lindsay, Mount Barney, 
Mount Maroon, the Maroon Range, Knapp’s Peak, Mount 
Moon, Mount Alford, in the Esk district, particularly at 
Glen Rock, and in the Glass House Mountains district. 
Dykes are not frequently met with, but in the Cunning­
ham’s Gap area then* are several. In Johnston’s Creek 
below Mount Mat boson there is a rhyolit ic dyke striking in 
a north-west and south-east direction; its width cannot be 
determined as it passes under alluvium on the east side, 
but it is at least 50 feet wide and its western margin is a 
dark pitchstone. This pitehstone margin is several feet in 
thickness, and is somewhat porphyritic. Near Mount 
Alford, both pitchstone and rhyolitic dykes occur, and 
just near the Moogerah School an excellent pitchstone dyke 
is seen.
On the Upper Logan River between Mounts Lindsay 
and Barney, there are rhyolitic dykes intruding the Walloon 
sandstones and shales, and at the Yellow Pinch reserve, 
just to the east of Mount Barney, there is a rhyolitic dyke 
about 15 feet wide, which has severely baked the intruded 
sandstones and shales.
Heat metamorphism of the intruded coal-measures 
seems to have been more pronounced in connection with 
the Mount Barney mass than in any other locality examined.
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Microscopical and chemical considerations show that 
there are two well-defined series of acid volcanics, namely 
the alkaline and sub-alkaline, but in addition there are 
representatives of a series intermediate between these two.
Sub-alkaline Acid Rocks.
Among the sub-alkaline rhyolites we find both porphy- 
ritic and non-porphyritic varieties. The porphyritic rhyo­
lites may be white, yellowish, or reddish in colour, and have 
phenocrysts of quartz and felspar. The phenocrysts of 
quartz are always transparent, and in the case of felspars 
which may be orthoclase, sanidine, or anorthoclase, they 
are typically colourless and glassy and not white. The 
relative proportions of phenocrysts and groundmass do not 
vary very much, and the phenocrysts always play a very 
subordinate part.
The groundmass varies from holocrystalline to holo- 
hyaline, as in the case of the pitchstones, and all intervening 
stages are represented in the various types.
The lithoidal varieties have a characteristic colour 
ranging from light grey to lavender. Occasionally one may 
see in the hand-specimen short, stout, lath-shaped crystals 
of orthoclase. Fluxion structure is very pronounced and 
is particularly evident on the weathered surface.
As described by Barker,24 the banding of the rhyolites 
is seen on microscopic examination to be the result of slight 
differences in the nature and texture of the groundmass. 
While spherulitic structure on a microscopic scale is 
generally present in the rhyolites from this field, in one 
place only has it been found sufficiently coarse to be easily 
seen in the hand-specimen. This occurrence is on the 
banks of the Coomera River west of the G in’s Leap, and 
there one finds coarsely spherulitic rhyolite with spherulites 
averaging perhaps half an inch in diameter but ranging 
up to iy 2 inches. The rock is very much altered and 
chalcedony occurs abundantly between the spherulites
The microscopic characters may be summarised thus:—
24 Tertiary Igneous Rocks of Skye. , ,
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Texture.— The crystallinity varies from holoerystal- 
line to hypocrystallinc, the grain-size is always very fine, 
less than -01 mm., and there is a great variety of fabrics. 
The fabric may he consertal as in the Chinghee Creek and 
(Bennie's Pulpit rocks (see Plate! X III., tig 1), or micro- 
graphic as in the Mount Barney rock, but it is generally 
mierospherulitic and often shows an axiolitic nature. In 
the porphyritic varieties, a strong fluxional arrangement 
of the groundmass may he noticed, while in the lithoidal 
varieties th(*re is usually a strong development of handing 
shown.
The porphyritic crystals vary in size up to 4 mm. in 
diameter, hut they have an average diameter of 2 mm. 
In many cases they are rounded and embayed.
Minerals I*resent.—The phenocrysts are usually quartz, 
and orthoclase or sanidine, though anorthoelase is present 
in s o i i k ! rocks. It frequently happens in those rhyolites 
with a hypohyalino groundmass that the quartz pheno­
crysts have curved cracks and the cleavage traces in the 
felspar are stained by a film of iron oxide. There is a 
marked absence of ferro-magnesian minerals, though in 
some cases greenish granules which may represent altered 
ferro-magnesian minerals occur. The groundmass invari­
ably consists of quartz and orthoclase, and in some cases the 
-quartz seems to be of a secondary nature. Apatite, zircon 
and magnetite are seen occasionally, particularly in the 
Mount Barney rock.
Specimen 08.25— Locality: Portion 58v, parish of 
Telemon, Upper Chinghee Creek. The rock occurs as a 
flow, yellowish white to grey in colour, and somewhat 
decomposed. It is porphyritic, being perpatic, and has 
phenocrysts of quartz, sanidine and anorthoelase averaging 
2 mm. in diameter set in a very fine consertal groundmass 
of quartz and orthoclase. Ferro-magnesian minerals are 
absent although small greenish-brown granules throughout 
the slide may be altered augite. The specific gravity 
is 2-37. Name: Rhyolite.
25 These numbers refer to the micro-slide numbers in the University 
of Queensland collection.
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This rock is very similar to the rhyolite at Glennie's 
Pulpit, Mount Alford.
Specimen 54c.— Locality: South-east of Tamborine 
Plateau. This specimen is greyish white in colour, and is 
seen to be hypocrystalline. It consists of small grains of 
quartz and felspar set in a inicro-spherulitie groundmass 
of quartz and ortlioclase. (Sec Plate X II., fig. 6.) 
Fluxion structure is common and thin veins of secondary 
quartz are numerous. Name: Rhyolite.
Specimen 134.— Locality: Glass Cutting, 4 miles north 
of Springbrook. This is a pale lavender in colour, and is 
lithoidal in character. In the hand-specimen it shows 
magnificent banding. The rock is cryptocrystalline, and 
apart from a very characteristic micro-spherulitic structure 
little else is seen. The slight variations in texture of the 
different bands through the rock, together with different 
degrees of pale staining, account for the rather pronounced 
banding which this rock shows. The fluxion structure 
shown by the rock mass is very fine, and at its base is deve­
loped an excellent perlite. This rock is characteristic of 
all the rhyolite lava on the Springbrook Plateau. Specific 
gravity 2-38. Name: Lithoidal Rhyolite.
Specimen 223.— This rock was obtained from the base 
of the upper dome of Mount Lindsay, at an elevation of 
3,600 feet. The dome is made up of pitchstone and rhyolite 
agglomerate, and has a very rough columnar structure. 
The specimen described occurred as a large boulder in the 
agglomerate. In colour it is a deep brownish black passing 
into red in patches. It has a dull lustre and a conchoidal 
fracture, while the phenocrysts of quartz and felspar are 
particularly glassy. Under the microcope the groundmass 
is seen to be cryptocrystalline, and to have a very definite 
fluxion structure. Micro-spherulitic structure is well deve­
loped. The phenocrysts are quartz, sanidine and possibly 
anorthoclase. It is dopatic and phenocrysts which are 
frequently corroded and embayed are traversed by curved 
cracks. The perlitic cracks in many cases run right through 
the phenocryst and into the groundmass. These cracks 
are stained with limonite. (See Plate X II., fig. 4.)
This rock represents an intermediate stage between the
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black pitchstone, with which it is associated, and the more 
crystalline rhyolite which lias been poured out from the 
vent which has been plugged up by this material. All 
through the south-eastern area of acid pyroclastic material 
this rock is found, and is, together with the black pitch- 
stone, the most constant inclusion. Name: Rhyolite.
Specimen 229.—Locality: 78v, parish of Palen, Tyler- 
ville. This material represents lava which has been poured 
out from Mount Lindsay. It is a light grey in colour, is 
perpatic, and has phenocrysts of quartz and sanidine set 
in a hypohyaline groundmass which contains quartz and 
orthocla.se. Micro-spherulitic structure is common, and an 
axiolitie arrangement is frequent. Name: Rhyolite.
Specimen 220.— Locality: Mount Barney. This forms 
the main plug of Mount Barney and it is somewhat different 
from the other rhyolites, as it is much coarser. It is 
greyish white in colour and in patches is stained brown 
by the limonite resulting from the altered magnetite 
in the rock. This rock contains phenocrysts of felspar, a 
good deal of which is possibly anorthoclase, and quartz, 
the felspar being the more* abundant. In many cases the 
felspars are subidiomorphie, whereas the quartz is allo- 
triomorphic. The groundmass consists of a micrographic 
intergrowth of quartz and orthoclast1, which is developed 
to a great perfection. (See Plate NIL, fig. 5.) The 
intergrowth forms a framework around the phenocryst 
which in souk4 cases has been embayed. Frequently one 
sees the intergrowth radiating off from a particular point 
or line and there is apparently no nucleus of felspar or 
quartz. Distributed through the rock are abundant small 
granules of magnetite which are frequently being altered 
into limonite. Minute grains of apatite and zircon occur 
as inclusions in the phenocrysts. Specific gravity 2-50. 
Name: Microyraphie Rhyolite.
Specimen 102.— This light-grey rock occurs as a dyke 
through the Walloon measures on Johnston’s Creek near 
Cunningham’s Gap, portion 62v, parish of Clumber. It 
has a fine development of black pitchstone, containing 
porphyritie felspars, on its margin. The rock is holo- 
crystalline and porphyritie. The rock is perpatic, and
wmammm
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phenocrysts consist of quartz, sanidine and an acid plagio- 
•clase somewhat sparingly developed; these are set in a 
very fine consertal groundmass. Micrographic intergrowths 
•of quartz and orthoclase are very common. This rock is 
very similar to the rhyolite of Glennie’s Pulpit at Mount 
Alford, which is a. few miles to the south. Name: Quartz 
Porphyry.
Glassy Varieties.
Perlite.— This is of rather limited occurrence and is 
found at the Glass Cutting on the Springbrook Plateau, 
between portions 117 and 121, parish of Numinbali. It 
is found at the base of the rhyolite flow, and is many feet 
thick. It can be seen grading off into the rhyolite and it 
exhibits beautiful fluxion structure and perlitic cracks. 
(See Plate X II., fig*. 2.) Perlites are abundantly developed 
and the rock in many places is seen to be composed entirely 
o f them. In colour it is a bluish grey when fresh, but 
it becomes brown on alteration. The rock has a specific 
gravity of 2-33.
Under the microscope, the liolohyaline nature of the 
rock is very evident and the perlitic cracks are abundant. 
Trichites, cumulites and margarites are present in great 
abundance, and the cumulites are seen arranged in bands. 
It is noticeable that the trichites and margarites are 
arranged along parallel lines, and these intersect the bands 
o f cumulites at an angle of 40°.
Pitchstones.— These occur as dykes and as inclusions 
in the acid pyroclastic material in the southern portion of 
the area. The dyke occurrences are near Cunningham’s 
Gap. Near the Moogerah School at the foot of Mount 
Alford, there, is a green pitchstone dyke through the 
Walloon measures. There are very occasional phenocrysts 
of sanidine up to 1-5 mm. long, but apart from this the 
rock is a glass in which are occasional lath-shaped felspars 
•05 mm. in length. Trichites are common and spherulites 
are very abundant and they tend to have an axiolitic 
arrangement, parallel to the fluxion bands. (See Plate 
X II., fig. 3.) A  number of micro-slides of this rock were 
prepared for class purposes, and in one section, a pheno- 
cryst of micrographic intergrowth of quartz and orthoclase
r
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round a kernel of sanidine is seen. The phenocryst i» 
2 mm. long, and the dyke is no doubt associated with the 
“ granophyre”  which Dr. Woolnough20 has described from 
the northern base of Mount Alford.
The most characteristic pitchstone, however, is the; 
one which occurs over the whole of the southern area, as 
inclusions in the acid pyroclastic material. It is remarkably 
uniform in nature and occurs in boulders of all sizes. It 
is found in great abundance at Mount Lindsay and forms 
the major portion of the agglomerate which makes up the 
top dome of M'ount Lindsay. The pitchstone itself occurs 
in tremendous blocks many tons in weight, and when fresh 
has a beautiful glassy black appearance. It has a conchoidal 
fracture, and the white felspar phenocrysts which occur 
abundantly through it show up well. Li thin sections it is 
seen to be made up of a light-brown glass and it has 
phenocrysts of sanidine, amorthoelase, quartz and occasion­
ally augite. These phenocrysts are usually corroded and 
embayed and often the glass is seen entering along the 
cleavage cracks. (See Plate X II., fig. 1.) The glassy 
groundmass shows perfect fluxion structure and it is 
traversed by perlitic cracks. In several places through the 
sections small angular fragments of felspar may be seen, 
and these have apparently resulted from the disruption 
of the phenocrysts while the groundmass was still in a 
mobile state. Around these fragments the fluxion structure 
is particularly pronounced, and their sharp angles arc; in 
great contrast to the rounded corners of the larger pheno­
crysts which have remained intact. The specific gravity 
is 2-39.
Cracks occur abundantly in the phenocrysts and are 
o f  interest as they are seen to have the same characters 
as those described in a perlitic pitchstone from the Tweed 
River by Srneeth.* 27
The cracks are much more abundant in the quartz 
than in the felspar, and in some cases they pass continu­
ously from the matrix into the quartz crystals and also 
into the felspar cvstals. One does not, however, see the
20 Proc*. Hoy. Soc., N.S.W., xlw, p. 150.
27Proc. Roy. Soc., N.S.W., for 1894 (xxvii.).
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completion of the matrix perlite in the quartz, nor perlites 
formed in the quartz and completed in the matrix as 
described by Watts.28 Sometimes, however, perlitic cracks 
surround the crystals.
In the hand-specimen this pitchstone bears a very close 
resemblance to one described by Ilarker29 from Glas 
Bheinn Mhor in Skye, and it is a matter of difficulty to 
distinguish between them.
When the analysis is recalculated to 100 per cent, 
after removing the water and is compared with the recalcu­
lated analysis of the Mount Barney rhyolite a very close 
resemblance is seen, so that they in all probability have 
a common source. (See Table V II.) This is of interest 
as the rocks are so different in texture and in addition 
are separated by several miles.
Rhyolites intermediate between the sub-alkaline and alkaline
varieties.
Specimen 233.— Locality: Portion 28v, parish of Biarra. 
This light-grey rock forms a hill on the west side of 
the railway line, just near the Ottaba railway station. It 
is a lithoidal variety, but has occasional phenocrysts of 
anorthoclase set in a hypohyaline groundmass which con­
tains very fine equigranular quartz and orthoclase. Good 
fiuxional arrangement is shown through the rock in places, 
and the weathered surface often shows a ropelike structure 
owing to the twisting of the viscous magma when extruded. 
Through the rock, one sees under the microscope indefinite 
green granules which are difficult to determine. This 
rock is much richer in soda than potash. The specific 
gravity is 2-61. Name: Rhyolite.
Specimen 234.— Locality: Glen Rock, Esk. This is 
a light brown in colour, and it forms the large mass of 
Glen Rock. It is remarkably free from phenocrysts 
although occasionally one sees crystals o f sanidine which 
are slightly larger than the rest of the mass. The rock 
is hypohyaline, and the grain-size is very fine being about 
•075 mm. The fabric shows a very poor fiuxional arrange­
ment, and there is a tendency for the felspar laths to
28 Q. J.G.S., 1. (1894).
2a Skye Memoir, p. 408.
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group themselves into stellate musses. (See Plate X III., 
fig. 2.) The minerals present are quartz, anorthoclase 
and sanidine. rPhe zeolite, stilbite, oeeurs in cracks 
through 1 Iha roek. The speeilie gravity is 2-61. Name: 
Rhyolite.
Alkaline Rocks.
rrhese roeks have been Fully described by Jensen,30 
and it is worthy of note that there is a very great differ­
ence both macroscopically and microscopically between these 
rocks and the rhyolites already described in this paper.
We may group these rocks under two headings:
(a) Pantellerites;
(b) Comendites.
Ranhilerilcs.— One finds those in the Glass House 
Mountains district, at Mount Ngun-Ngun and the Trachyte 
JUangc, and also in the neighbourhood of Mount Flinders. 
They are usually greyish to bluish-green in colour and 
often show in the hand-specimen dendritic and mossy 
aggregates oF a'girine. The Fabric may be trachytic, hyalo- 
pilitie, pilotaxitic or orthophyric, and the minerals are 
(piartz, sanidine, anorthoclase, riebe(*kite, arfvedsonite as 
well as rarer minerals.
(Ionicndifes.— These are usually lighter in colour than 
the above, and occur at Mounts Conowrin, Tibrogargan, 
Beerburrum and Fvvin in the Glass House Mountains area, 
and also at Mount French. Jensen31 records them from 
Spicer’s Peak and Mount Mitchell, but the author has failed 
to find them then?. The fabric is microgranitic or ortho- 
phyric, and the minerals, quartz, sanidine, soda-sanidine, 
a*girine, riebeckite and arfvedsonite.
These special alkaline types are very limited in their 
occurrence and their total volume is insignificant when 
compared with that of the more normal rhyolites in the 
southern portion.
Chemical Composition of Rhyolitic Rocks.
(a) Sub-alkaline and intermediate types.— An exami­
nation of the analyses shows that there is a close
30 Proc. Linn. Soe., N.S.W., 1906-1909.
31 A.A.A.8., xii., Brisbane, 1909, p 253.
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similarity amongst these rocks, and that they are all of a 
decidedly acid nature. The alumina value is a little lower 
and the total iron-oxides value a little higher than is 
usual in these rocks.
This deficiency in alumina and richness in iron-oxides 
is a characteristic of the rocks of the area as a whole, but 
is much more pronounced in the basic representatives. 
The lime value is normal, and is to be contrasted with the 
much lower percentages in the alkaline types. The alkali 
contents are a little above normal, and it is noticeable 
that in the two rocks from the Esk district the soda is in 
excess of the potash. These two rocks seem to be midway 
between the sub-alkaline and alkaline types.
Two analyses have been inserted in the table for 
comparison, and a somewhat close relationship exists be­
tween the Chin ghee Creek rhyolite and the perlite from 
Yellowstone National Park; while between the Springbrook 
rhyolite and a biotite-rhvolite from Sugarloaf Hill, San 
Francisco, especially close chemical relationship exists.
The exact locality of the pitchstone in Column IV. 
from MacPherson’s Range is unknown, but Mr. G. W. Card 
of the Mining Museum, Sydney, kindly sent me the 
analysis, and it is evident that it is very similar to the Mount 
Lindsay pitchstone, and in fact it may be from the same 
localit}^.
The analysis of the perlitic pitchstone from Tweed 
River is not a complete one, but it is richer in alumina 
and poorer in alkalies than the other rocks. This analysis, 
which was originally published by Smeeth,32 and which 
is undoubtedly an analysis of the perlitic pitchstone from 
Tweed River, has been published in a subsequent paper 
by E. C. Andrews33 as the analysis of the Mount Lindsay 
rock, but there is obviously a mistake in locality. The 
analysis in Column IV., with which Mr. Card of the 
Miming Museum, Sydney, kindly furnished me, seems rather 
to be an analysis of the Mount Lindsay rock.
32 Op. cit., p. 311.
33 Bee. Geol. Surv., N.S.W., vol. vii., p. 240.
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K ,() ............................ 500 5-20 5*03 4*08
11,0 f .................................... 0-27 0*80 0*40
1 1 , 0 - ............................ 0*00 0*00 0*33
c o , ............................ 0*01
Ti().................................. 0-13 0*25 0*17 1 0-10
r 2o f i .............................. aim. tr. tr. 0*02
MiiO ............................ 0*20 0*70 tr. 0*08
N i ( ) .............................. 0*03 0*04 0*01
Zr( )2 ............................ 0-38 1 * *
F ............................ 0*02
Cl .............................. 0-17 0*01
Total 100-12 j  100*20 100*00 100*00
Spec. Grav. | 2-47 
(vesieular)
2-71
N o r m .
Quartz
Orthoelase
34-74 | 
20-47
31*08 ! 
30*58 i
25*08
20*47
A1 Lite
Anorthite
25-15 | 20-34
111
33*54
Sodalite . .  . .  
Diopside . . . .
4-85
04)8 1*08
Corundum 
Hyperst.hene . . 0*00 i
0- 51
1- 72 0-30
Aernite
Magnetite
0-40
2-55 1*39
0*03
0*03
Hfflrnatite
Uinenite 0-15
3*21
•001
1-00
0-40
Fluorspar
Zircon
0*08
0*37
Pvrite
&c............................
0-18
•33
i
! : :  * -73
I.— Gomendite, I. 3.1.3. Alaskose, Mt. Conowrin, Glass House 
Mountains.1
II.— Pantellerite, I. 4.1.3. Liparose, Mt. Ngun-Ngun, Glass House 
Mountains.’
Ill*— Pantellerite, I. 4.1.3. Liparose, Trachyte Range, Glass House 
Mountains.’
IV.— Average analysis of six Comendites.2
1 Jensen, Proc. Linn. Soc. N.8.W., xxxi. (for 1906).
* Daly, Igneous Rocks, p. 20.
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The rhyolite from Ottaba, which is relatively low in 
alkali contents, has an excess of soda over potash, also the 
lime content is considerably higher than in any of the 
other rhyolitic rocks.
(b) Alkaline Rhyolites.— These are all very acid 
rocks, and they differ from the sub-alkaline types in having 
a slightly lower alumina, higher total iron-oxides, much 
lower lime, and much higher total alkalies. The rocks 
are all sodipotassic with potash in excess of the soda. It 
is also noticed that normative acmite exists in two of the 
rocks.
The average of 6 comendites given in Column IV , 
agrees remarkably well with the Mount Conowrin rock.
Acid Pyroclastic Rocks.
These occur as breccias, agglomerates and tuffs, and 
as previously indicated have an extensive development in 
the southern portion of the area. Quite apart from the 
main development which is probably of Middle Cmnozoic 
age, there are the Brisbane tuffs. These were first deter­
mined as made up of volcanic ash by W. IT. Rands34 in 
1887. He gave a good account of their occurrence and also 
showed them to be at the base of the Ipswich formation, 
so that they are of early Trias-Jura age. The Brisbane 
tuff is really a rhyolite-tuff and it consists of very fine­
grained felspathic matrix with blebs of quartz, orthoclase 
and plagioclase. It has been very much silicihed in most 
places, and it has undergone a great deal of alteration.
Under crossed nicols the base seems to be made up 
of very fine-grained particles of felspar and quartz, but 
in ordinary light the original shapes of the particles which 
were originally glass but are now quite altered and 
crystallised are seen, and show the characteristic drawn- 
out shapes with frequent concave faces. Inclusions are 
numerous, and one finds fragments o f the underlying 
schist and also carbonised wood. In certain places, but 
particularly on the northern side of the Brisbane River,
34 Q ’land Geol. Surv., Pub. 34, 1887.
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there is a hardened hand up to 2 foot thick right at the 
base of the tuff. This hand is more compact than the 
overlying material and in many respects it suggests a 
rhyolite How. It is noticeable, however, that this band is 
best developed where the overlying tuff is most silieified, 
and it is highly probable that it represents a layer of tuff 
at the bottom which has received an extra amount of 
silicilication owing to the percolating solutions being held 
up by the impervious underlying shale band.
The greatest development of acid pyroclastic material 
occurs along MacPherson’s Range and the ridges running 
off it in a northerly direction. It is distributed over an 
area of about 300 square miles, and was in all probability 
almost continuous. In general appearance, it is remark­
ably uniform as far as the matrix is concerned, but there 
is considerable variation in the size and abundance of the 
included fragments.
Occurrences of tuff are only occasional and the most 
typical development showing definite bedded structure was 
met with on the northern banks of the Ooomera River, a 
few miles west of the (tin ’s Leap. The tuff has in places 
been much silieified and made very compact, although it 
is usually in a rather loose state of aggregation. The matrix 
is usually very fine-grained and a dirty yellow in colour, 
though it may be white or a bright green in patches. The 
greenish colour seems to be due to the presence of chloritic 
material.
The included fragments consist for the most part of 
rhyolite, but near the base there are large rounded boulders 
of basalt very similar to the underlying basaltic flows. The 
rhyolite inclusions range from holocrystalline and porphy- 
ritie varieties to pitchstones, and a black glassy pitchstone 
is a very widespread and characteristic inclusion. These 
inclusions often show a definite brecciated or welded 
structure.
On portion 136, parish of Telemon, at Mr. P. Burnett’s 
selection on Chinghee Creek, a silieified tree trunk about 
12 inches in diameter and 4 feet long was found included 
in the agglomerate. Thin veins of silieified ash material 
were seen along what had apparently been cracks in the
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log. As described earlier, at Upper Christmas Creek, a 
large .included mass of coal-bearing shale was found 
included in the agglomerate. The cliffs of compact pyro­
clastic material which occur frequently on the valley sides 
all through the southern area are very characteristic, and 
when examined are seen to have an imperfect columnar 
structure and to be weathered out into caves. These caves 
are often several feet in diameter, and on the weathered 
surface, the angular and subangular included fragments 
of rhyolite &c., generally a few inches in diameter, stand 
out as a result of their superior weathering properties.
(iv.) Trachytic Rocks.
* These are found occurring in much the same way as 
the rhyolitic rocks, but they have a much more limited 
occurrence. The most extensive development is along the 
Main Range from W ilson’s Peak to near Mount Castle, 
and they seem to have resulted from a fissure eruption. 
Along a. line from Mount Greville to Redbank Plains they 
occur at Mount Greville, Mount Edwards, Mount French, 
Mount Flinders, and at Redbank Plains. Isolated peaks 
occur in the Esk and Glass House Mountains districts, 
:and there are also areas of trachytic rocks at Woodhill and 
Cainbable Creek. All these occurrences have probably 
resulted from central eruptions.
The trachytic rocks have been dealt with at length by 
Dr. Jensen in several papers, but he has given them a more 
widespread distribution than they really have. He states35 
that he has “  good reason to believe that the whole of 
the Little Liverpool Range from W ilson’s Peak to the 
Rosewood District is mainly trachytic” ; also, that “ the 
culminating peaks of the range like Spicer’s Peak, Mount 
Mitchell, Mount Cordeaux, Mount Huntley, Mount Roberts, 
&c., are apparently of trachytic composition.”  Jensen also 
states36 that “  At Spring Bluff, between Helidon and 
Toowoomba, trachytes underlie basalts, but not having 
examined sections, I cannot say whether they are very 
alkaline or not.”
3r’ Jensen, Proc. Linn. Soc., N.S.W., xxxiv., p. 73.
36 Jensen, Proc. Linn. Soc., N.S.W., xxxiii., p. 576.
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As Wearne”7 has pointed out, Jenson has called the 
southern portion of the Main Range tlie Little Liverpool 
Range. - However, while traehytie rooks are found along 
tin* Main halite as far north as Mount Castle, they do not 
extend from then1 on to the Rosewood district, also the top 
o f the Main Range and the culminating peaks such as 
Mount Roberts, Mount Huntley, Spicer’s Peak, Mlount 
Mitchell, Mount Cordeaux and Mount Castle, consist of 
basaltic rocks, for tlit; most part olivine-basalt.
At Spring Bluff, there seems to be no evidence of 
traehytie rocks at all, but on the other hand, the basalt 
is found resting on the Walloon shales and sandstones. 
The map and sketch-section on page 74 of Jensen’s paper 
on the Geology of Mount Flinders and Fassifern Districts 
are rather misleading in showing the extent of the traehytie 
rooks on the Main Range, and also of the rhyolitic rocks in 
the south-west portion of the area. The sketch-section also 
seems to the author incorrect, in showing Cretaceous rocks 
underlying the basalt of the Darling Downs. There is 
no record of such being the case, but on tin* other hand, 
where the basalt flows have been worn down by the streams 
to the underlying rocks, these are seen to be, in all cases, 
the so-called Trias-Jura sediments. Also in tin* section 
through Mount Tamborine no indication is given of the 
rhyolitic rocks which occur on the eastern side.
The traehytie rocks in the Fassifern and Mount 
Flinders districts have been dealt with by Jensen in several 
papers, and also by Wearne and Woolnough, but hitherto 
the Hsk, Woodhill and Cainbable Creek material has not 
been really described.
The Cainbable trachyte is apparently the base of a 
worn-down plug, and the Woodhill trachyte has apparently 
come up as a sill. The Esk trachytes occupy an inter­
mediate position between the alkaline and sub-alkaline 
series; this is best illustrated by the variation diagrams. 
(Sec Plates VI.-VIII.) The Cainbable Creek trachyte is 
sub-alkaline, but the other trachytes are all of a definite 
alkaline nature. 37
37 Proc*. Hoy. Soc., N.8.W., xlv., p. 137.
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These trachytes are represented by the leucocratic and 
melanocratic varieties, though the light-coloured varieties 
are the more abundant. The leucocratic varieties are light 
grey to bluish grey in colour, and range from holocrystalline 
to holohyaline; while the fabric may be traehytic, micro- 
granitic, or orthophyric. There are little or no soda-lime- 
felspars, but one finds sanidine, soda-'sanidine and 
anorthoclase. The matrix minerals are tegirine, riebeckite, 
arfvedsonite; olivine and biotite do not occur. The melano­
cratic varieties are dark grey or brown in colour, and are 
usually less porphyritic than the leucocratic types.
The texture varies from holocrystalline to holohyaline, 
and the fabric may be almost pilotaxitic, although generally 
it is traehytic. The felspars are orthoclase, anorthoclase, 
microperthite and lime-soda-felspars. The matrix minerals 
are aegirine, augite, magnetite and ilmenite.
Glassy varieties of the traehytic rocks are not so 
abundant as those of the rhyolitic rocks, but at Mount 
Flinders there is a very fine traehytic glass which Jensen 
has described, also at Cainbable Creek there is a dull green 
traehytic pitchstone associated with the trachyte.
Specimen 128.— Locality: Cainbable Creek, portion 12, 
parish of Nindooimbah. This is a greyish rock in the 
hand-specimen. It is holocrystalline and slightly porphy­
ritic. The phenocrysts, which are frequently anorthoclase, 
occur as sub-idiomorphic crystals up to 1-5 mm. in diameter. 
The groundmass is orthophyric and is made up of short 
stout prisms of sanidine and occasional crystals of pale 
augite. Abundant granules of magnetite occur all through 
the section. The rock has been considerably altered, and 
limonite and chlorite are abundant. The chlorite and some 
o f the limonite are the result of alteration of the granules 
of pyroxene which are distributed through the rock; some 
of the limonite is also derived from the magnetite. Small 
patches of a secondary carbonate, probably calcite, occur 
through the rock. The specific gravity is 2*40, and this 
low value is no doubt due to the somewhat cavernous nature 
of the rock. Name: Orthophyric Trachyte.
Specimen 129.— This is from the same locality as the 
previous rock, and is a somewhat mottled greenish-grey
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rock, with a dull lustre, but showing very evident signs of 
fluxion. It is made up almost entirely of glassy material, 
but it has occasional phenocrysts of sanidine, and possibly 
anorthoclase. These phenocrysts are rounded and they 
occur up to 1-f) mm. in diameter. The rock is obviously 
a more quickly cooled portion of the same material which 
produced the above rook, as one can sec1, intermediate stages 
between the two. The; ground mass shows strong fluxion 
structure and it is partly mierofelsitie. The glassy portion 
of tin* rock is corroded with aggregates of microlites which 
lake up a variety of shapes, many of them radiating, but 
feathery and allied forms are common. Microspherulitic 
structure1 occurs here and there. There are no perlitic 
cracks. Name*: Tracknlie PUckslonc.
Specimen 131.— Locality: Woodhill, portion 122, parish 
of Logan. This rock is in a very altered condition, and 
it is a matter of great difficulty to obtain a specimen fresh 
enough for sectioning. It is found, however, to he holo- 
erystalline, and to bo made1 up of sanidine, ? oligoclase and 
chlorite1, magnetite and limemite being also abundant. The; 
rock is re*ally too altered to determine exactly, but it is 
in many re‘sp<;ets similar to the* Cainbable Creek trachyte, 
although the* presence of the aeiel plagioelase is rather a 
variation from that. Name: Trachyte.
Specimen, 230.— Locality: Portion 136a, parish of Esk. 
This rook occurs to the we‘st of Esk, and has been referred 
to hv E. (). Marks. He stated'*8 that the trachyte on the 
summit of the* ridge1 where1 it occurs is covered with sand- 
steme, hut such eloes not appear te> he; the ease. The rock 
is very weathered, and much resembles a brown sandstone 
in appearance and also in the manner of weathering. It 
is a matter of great difficulty to obtain fresh samples, but 
in portion 136a there is a bluff of material which is 
weathered out into a cavernous structure and the freshest 
material obtainable was at the base of the bluft. Fluxion 
structure is shown very clearly in the massive rock.
This rock is very much like the brown Helidon sand­
stone in general appearance and it is slightly porphyritic. 
The porphyritic crystals are nearly all short, stout lath-
"QMarnl Govt. Min. Jour., xiii., July, 1912.
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shaped, and show broad lamellar twinning as well m  
simple twinning; in addition to these, somewhat longer 
crystals of sanidine are seen. The phenoerysts vary from 
•75 to 1 mm. in length, and the groundmass is made up of 
an equigranular mass of felspar and secondary quartz, the 
granules of which are about -1 mm. in diameter.
The groundmass is somewhat difficult to determine, 
but it seems to be constituted of sanidine and albite, through 
which is distributed abundant quartz which seems to be 
almost entirely secondary. Limonite is very abundantly 
distributed all through the rock. The specific gravity is 
249. Name: Trachyte.
Specimen 51.— Locality: Portion 51, parish of Esk* 
This is an altered rock and somewhat difficult to determine. 
Apart from the fact that it intrudes the Walloon coal- 
measures, one has little indication as to its actual age. In 
the hand-specimen this is a greenish-grey rock, fine-grained 
and containing occasional phenoerysts of a flesh-coloured 
felspar. Microscopically, it is seen to be holoerystalline 
and to be made up almost entirely of felspar. There are 
occasional stout idiomorphic plagioelase phenoerysts, 1-5 
mm. in length, set in stout idiomorphic felspars with an 
average length of -75 mm., while all through the rock are 
allotriomorphic patches of quartz.
There are very occasional sub-idiomorphic crystals of 
augite -6 mm. in diameter which show twinning. All through 
the rock one finds patches of chlorite, and this has almost 
certainly been derived from altered augite granules. The 
plagioelase is very largely albite, as it has an extinction 
angle of 15° on the (010) face, and a refractive index 
lower than quartz. Andesine, with a composition Ab3An2, 
occurs frequently. Magnetite and ilmenite are abundant* 
and occasional crystals of apatite are seen.
Secondary minerals, such as calcite, chlorite and serpen­
tine, occur also; possibly some of the quartz is secondary. 
This rock in many respects appears to be a more acid 
representative of the material which occurs in the same- 
district as augite-andesite, and which is described later_ 
The specific gravity is 2*69. Name: Quartz-trachyte•*.
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Trachy tic Tuffs, Breccias tbc.
These are of limited development and the chief occur­
rences are on the Main Range near Spicer’s Gap and 
Mount Matheson, also near Mount Flinders. The intense 
explosive action producing these accumulations seems to 
have taken place after the trachytic rocks had been ex­
truded, and on the Main Range after the fissure had been 
almost plugged up so that one got eruptions of the central 
type. Jensen30 has described this material and the author 
has no new developments to add.
There is a very characteristic breccia developed near 
Mount Matheson, and it may pass into a coarse agglomerate 
with trachyte boulders several tons in weight, or into 
trachytic tuff with a beautiful fragmentary glass as a base. 
The breccia has been considerably altered and chalcedony 
is abundant all through it; also a ferruginous cement is 
common.
The tuff is well developed just below the elbow on 
the Warwick coach road through Spicer’s Gap. It is 
seen to be a typical tuff, and has a fragmental glass ground- 
mass which shows the curious drawn-out fragments with 
concave surfaces. The groundmass has not undergone very 
much alteration and is much better preserved than in the 
Brisbane tuff. All through the rock are crystals of sanidine, 
anorthoclase and plagioclase, also abundant inclusions of 
rock-fragments. These rock-fragments are trachyte, ande­
site, basalt and shale.
At Ivory’s Knob near Mount Flinders there is also 
a very good trachyte tuff.
Chemical Composition of Trachytes.
Most of these rocks are seen to be rather acid in nature, 
and they are either sodi-potassic or dosodic, with soda in *
** Proc. Linn. Soc., N.S.W., for 1909, vol. xxxiy.
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excess of potash except in the case of the trachyte from 
the summit of Mount Flinders.
The Esk trachyte shows a very low value for alumina, 
but this rock is rather altered, and shows a very high 
ferric oxide value; this is no doubt due, to some extent, to 
the limonite present.
The Cainbable Creek trachyte is seen to differ consider­
ably from the other rocks; it has a low alumina and 
high iron-oxides value, the magnesia is comparatively high, 
while the lime is much higher than in any of the others.
The soda trachyte from the Main Range is a melano- 
cratic one, and it is seen to have a very high soda value. 
It is chiefly remarkable for the high titanium oxide, and 
Jensen has indicated that there is probably a mineral 
belonging to the lavenite group, which accounts largely 
for this.
The trachyte from portion 51, parish of Esk, is rather 
an altered one, and it is noticeable for the low alumina and 
the comparatively high magnesia and lime, also the soda 
preponderates over potash very much.
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(v.) D acites.
Andesites -are fairly common through the area, but iri 
only one or two localities do dacites occur. These localities' 
are near Hank foot House in the Glass House Mountains 
district, and at Mount Alford.
¥
The Glass House Mountains dacite which Jensen has: 
fully described and analysed is certainly younger than the r
traeliytic rocks with which it is associated, for it contains 
frequent inclusions of traeliytic material which bears a close 
resemblance to the adjacent traeliytic rocks. It is a variable 
rock, and in some microscopic sections appears to be a normal ^
andesite while in the others it has abundant corroded 
quartz crystals. Chemically the rock is very similar to the 
dacite of Devonian age from the Macedon area in V ic­
toria and more particularly the rock from the Willimigon- 
gong Crook near “  ( Tonislon,”  “  Upper Macedon.” 40 The 
Macedon dacite is rather low in alkalies, particularly soda, 
but otherwise the resemblance is very close. Microscopi­
cally, however, there is a great difference, as not only is 
there a big difference in texture, but also in mineralogical 
composition. The Glass House Mountains rock covers an 
area of a few square miles, but it is apparently a thin flow. 3
Microscopically it is seen to be holocrystalline. It is 
perpatic having occasional rounded phenoerysts of plagio- 
clnse set in a groundmass with an average grain-size of 
•15 mm. The groundmass is pilotaxitie and ophitic struc­
ture is common. The felspar present frequently shows 
zoning, and also simple and lamellar twinning; it ranges *
from labradorite to andesine, and occasional lath-shaped 
crystals of orthoclase are present. A feature of the plagio- ¥
close phenoerysts is the abundance of bright-green glass 
inclusions. Violet-coloured augite is frequent through the *
groundmass, and in souk* sections brown hornblende is seen, 
but augite is more abundant. Magnetite is abundant, and 
greenish ehloritic alteration products are also plentiful.
Quartz, when present, occurs as corroded phenoerysts. The
Mount Alford material is somewhat similar to the Glass
House Mountains material, but while the latter follows
the trachytes the former precedes the rhyolite, for the %
rhyolite plugs at Glennie’s Pulpit &c., on Mount Alford,
intrude right through the andesites and dacites.
40 Geol. Surv., Vic., Bull. 24, pp. 17, 18.
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T able IV.— D acites.
— I. II.
1
III.
SiOo 02-15 62-50 Gl-3
a i 2o 8 . .  . . 10-73 10-00
I e 203 2-90 1-02 , .
FeO 3-22 5-98
MgO 2-70 2-70
CaO 3-98 4-30 3-2
N a„0
K 20
3-58
2-81
2-98 ) 
2-57 ) 0-0
h 2o + . . 1-00 0-08
h 2o - . 0-14 0-18
C 0 2 . . . . . 0-04 nil
T i0 2 . . . 0-83 1-10
p 20 5 p.n.d. 0-17
MnO • * * | 0-12 tr.
NiO . • 1 0-08
:S (FeS2) 0-11 nil
Total . . 100-45 100-85
Spec. Grav. 2-61 2-773
Norm.
Quartz
•Orthoclase ..
10-56
16-08
18-84
15-01
Albite 30-39 25-15
Anorthite 19-74 20-57
Corundum 0-51 1-43
Diopside
Hypersthene 8-78 15-12 . .
Magnetite 4-17 1-39
Ilmenite 1-52 2-13
Pyrite 0-12
Apatite 0-31 ••
I.— Dacite, II. 4.3.4. Tonalose, near Bankfoot House, Glass 
House Mountains.1
II.— Dacite, II. 4.3.4. Tonalose, Willimigongong Ck., Upper 
Macedon, Victoria.2
III.— Dacite (partial analysis), Mt. Alford.3
1 Jensen, Proc. Linn. Soc., N.S.W., xxxi., p. 169. 
a Geol. Survey, Victoria, Bull. 24, pp. 17, 18.
* Govt. Analyst, Brisbane.
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Chernical C(imposition.
The Glass House Mountains daeite is seen to be a 
normal daeite, and certainly sub-alkaline in nature. This 
is interesting, as it is found in the closest association with 
the very alkaline rocks such as the eotnendite of Mount 
Conowrin. The partial analysis of the Mount Alford rock 
shows that in a general way it is similar chemically to the 
Glass House Mountains daeite.
(vi.) A ndesites.
These have been recognised in several parts of the 
area, but in no place is there any very extensive develop­
ment. It is a somewhat difficult matter to distinguish 
between the andesites and the andesitic basalts, as there 
are all gradations from andesites to olivine-basalts. The 
presence or otherwise of olivine, the relative amounts o f 
augite and plagioelase, and the nature and habit of these 
have been taken as the main considerations in determining 
whether a flow is an andesite or not. Andesites were 
poured out during the first period of activity, but appa­
rently towards the end of it. They are much more abundant 
in the last period of eruption, however, and in some places 
seem to have followed upon the trachytes; this is particu­
larly the case in the most typical ones, as at the Main 
Range. On the other hand, andesite occurs at Mount 
Meerschaum in the upper division, forming one of the 
most recent flows and resting on considerably more basic 
flows.
The Esk andesites really stand apart from the others 
as they are definitely of a porphyritic type and seem to 
be more basic representatives of the material which pro­
duced the rhyolites and trachytes occurring there; all of 
the other andesites, on the other hand, seem to be rather 
the acid representatives of the material which resulted in 
the extensive basaltic flows in their respective areas. The 
Esk andesites differ somewhat in their mode of occurrence 
also, for they occur as large intrusions through the 
? Walloon coal-measures; the other occurrences are either 
as definite lava flows or sills. Apart from the Esk district, 
one finds andesites at the Main Range in the neighbourhood
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o f Spicer’s Gap, on the eastern side of the range; at Mount 
A lford forming the base of the mountain; at Tamborine 
Plateau where there is an extensive and well-defined flow 
near the top of the plateau, and seen particularly well at 
the south-west end; at the summit of Mount Meerschaum; 
at the Lookout on MaePherson’s Range where the Spring- 
brook Plateau terminates; and at One Tree Hill near Point 
Danger. Just over the State border fence from One Tree 
Hill, similar material forms Observation Hill, and this, 
although in New South Wales, will be dealt with here.
It is found advisable to treat these rocks in two divi­
sions, one embracing the augite-andesites from the Esk 
district, and the other the more normal sub-alkaline 
andesites.
A ugite-A ndesi tes.
These occur near the Ottaba railway station, and also 
along the railway line towards Esk. Sections are seen 
where they intrude through the Walloon shales. At a 
cutting 42 miles 62 chains distant from Ipswich there is 
an excellent section showing an intrusion of andesite which 
has had a severe baking effect on the intruded shales. 
There are several intrusions seen along the line, and in 
the cutting immediately to the south of Ottaba there is a 
very large one, several hundreds of feet in width. The 
freshest material found was in portion 28v, parish of 
Biarra, and its description will serve for all this material. 
An analysis has been made of the andesite from portion 
184, parish of Esk, and the sample was collected from the 
railway cutting. In the hand-specimen the rock is a light 
grey with abundant phenocrysts of augite which have a 
length of 2 or 3 mm.; around these there are accumulations 
of small granules of augite and this gives the rock a rather 
mottled appearance. In addition to the augite phenocrysts, 
there are plagioclase phenocrysts up to 2 mm. long. Micro­
scopically the groundmass is seen to be hyalopilitie and 
to contain plagioclase, augite and magnetite. Here and 
there are rounded patches up to -75 mm. in diameter and 
these are made up of small granules of augite. The augite 
phenocrysts frequently show twinning and are usually
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surrounded htv a fringe of augite granules which have 
resulted from corrosion by the magma. (See Plate X III., 
fifr. I.) It is noticeable that when an augite phenocryst 
impinges on another augite crystal or on a plagioelase 
phenocryst, the fringe does not exist, but occurs oidy along 
tin* junction of the augite with the groundmass. The 
fringe of granules is optically continuous with the crystal 
so that it is a resorption border.
The plagioelase phenoerysts arc; crystals of basic 
andesitic, Ab.iriAnin for the most part, although some of 
them show zoning with more acid shells; these phenoerysts 
are idiomorphie and have not been corroded. Magnetite 
occurs as inclusions in the augite, and also through the 
groundmass as very fine granules. The specific gravity 
of this rock is 2*75.
Normal A ndcsitcs.
These are all compact dark-coloured rocks and range 
from porphyritie to non-porphyritic. They are perpatic, 
and the phenoerysts are plagioelase, augite, and in some 
eases hvpersthene, the latter occurring sparingly and 
having strongly marked resorption borders.
The plagioelase phenoerysts range from medium ande­
sitic, Ab Ail, to medium labradorite, AIl Au.,, and do not, 
as a rule, show zoning. They show earlsbad, albite and 
periclitie twinning, and an; usually sub-idiomorphic or 
allot riomorphie; in size they range from 2 mm. to 4  mm. 
in length.
in several Hows, particularly the Tamborine, Obser­
vation Hill. One 'free Hill and Mount Meerschaum flows, 
the plagioelase phenoerysts appear to be medium andesine, 
AbjAm , which is crowded with regularly arranged inclu­
sions. These inclusions are frequently studded all through 
the crystal with the exception of a narrow band at the 
edge, which is quite clear. The inclusions in most cases 
consist of an opaque material, but in others they are small 
granules of augite. Both kinds of inclusion occur in the 
same crystal however, and this peculiar character of the 
plagioelase phenoerysts has also been noticed in some of 
the andesitic basalts. A great deal of variation exists in
B Y  H . C. RICHARDS. 161
the relative amount and size of the inclusions, but in the 
andesites from near Point Danger, in some cases, the 
phenocrysts seem almost wholly composed of very fine 
■opaque inclusions.
The groundmass is in all cases hyalopilitie, and in some 
of the lavas it shows a definite fluxion structure. The 
- crystals in the groundmass are plagioclase, augite, magne­
tite and ilmenite. The plagioclase usually shows simple 
twinning only, though in some, lamellar twinning is present. 
It is slightly more acid in the groundmass than in the 
phenocrysts, and ranges from medium andesine, Ab05An35, 
to basic andesine, Ab55An4V In size the laths range from 
•05 mm. to *15 mm. in length. Augite occurs in two 
generations in several rocks, but it is usually in very 
small grains in the groundmass.
The iron ores may occur as small granules or rod-like 
fragments -3 mm. long. The amount of glass in the ground- 
mass varies greatly but it never exceeds the crystals in 
amount. It is usually a light brown in colour and crowded 
with trichites &c. Ophitic structure is not seen in. any 
•of the sections.
A few of the more representative rocks are here 
•described.
Specimen 136.— Locality: Lookout, Springbrook
Plateau, portion 84, parish of Numinbah. This andesite 
occurs as a flow and forms the summit of MaePherson \s 
Range at the southern termination of the Springbrook 
Plateau. The rock is perpatic and has phenocrysts of 
medium andesine ranging up to 2 mm. long, and violet- 
coloured sub-idiomorphic augite crystals up to -75 mm. in 
diameter, set in a hyalopilitie groundmass showing good 
fluxion structure.
The plagioclase in the groundmass ranges from -05 
mm. to -3 mm. in length, and the augite is present in very 
fine granules. Very small granules occur abundantly through 
the section. The plagioclase phenocrysts show zoning in 
some cases, and twinning of the augite phenocrysts is seen 
^occasionally. The specific gravity is 2*79. Name: Ande­
site.
An andesite, similar to the above occurs on the old 
Warwick coach road on the east side of the Main Range.
Specimen 7.—Locality: One Tree Hill, near Point, 
Danger. This occurs as a flow about 30 feet thick, capping 
the Pahcozoic schists. Parts of it seem somewhat agglo­
merate, and rounded fragments of finer-grained, almost 
glassy, andesite are seen in it. One frequently finds 
quartzite and sandstone fragments which have been caught 
up in the flow. This material is apparently part of the 
same flow which occurs at Observation Hill or Razorback 
on the New South Wales side of the border. They are 
only separated by a few hundred yards and are at the 
same level, have the same thickness and general relation­
ships, and are indistinguishable either in the hand-specimen 
or microscopically. The analysis of the Observation Hill 
rock may thus be regarded as holding for this rock. In 
the hand-specimen the rock is a very fine-grained, compact 
dark material which has occasional phenocrysts through 
it. Microscopically it shows a hyalopilitic groundmass 
with occasional phenocrysts of medium andesine, Ab3An2, 
augite and hypersthene. This is the only rock in which 
hypersthene has been definitely recognised, and it occurs 
in long crystals reaching 1*5 mm. in length, showing marked 
pleochroism and having a strong resorption border. The 
plagioclase phenocrysts which are sub-idiomorphic and 
range up to 1 mm. in length are remarkable for the 
numerous regularly arranged inclusions; in some cases the 
inclusions seem to form the major portion of the crystal. 
(Nrr Plate XIII., fig. 6.) Tn almost all cases there is a 
narrow outside fringe of felspar clear of inclusions, but 
as a rule the rest of the crystal contains them, except 
occasionally tin* central portion. The arrangement is in 
many cases zonal but this is not universal. The exact 
nature of the inclusions is difficult to determine, but in 
these felspars they seem to be small patches of glassy 
matrix. The groundmass contains a large amount of brown 
glass which is not very evenly distributed, and here and 
there there are small patches free from augite and plagio­
clase. The felspar shows lamellar twinning only as a rule,, 
and it is a medium andesine, the laths of which have an 
average length of *lo mm. The augite granules are very 
fine and distributed evenly.
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Iron-ore granules are not very abundant and they 
seem irregular in outline. The glass is a pale-brown colour 
and in some cases is thickly crowded with trichites &c., 
but in others it is comparatively free from them. The 
specific gravity is 2*57.
Specimen 123.— Locality: Portion 18, parish of
AVitherin. This flow forms a prominent cliff on the south­
west end of Tamborine Plateau, and is well seen in a 
cliff in front of Mr. D. Lahey’s house. The flow is more 
than 100 feet thick and gives rise to a precipice along the 
edge o f the plateau. The rock is dark grey with large 
phenocrysts of a dark plagioclase. Microscopically it is 
seen to be hyalopilitic although the amount of glassy 
material is very small. The rock is perpatic and the 
phenocrysts are plagioclase and augite. The plagioclase 
is medium andesine, Ab55An45, and similar plagioclase 
containing inclusions as described in the andesine from near 
Point Danger occurs. The crystals containing the inclu­
sions are not so abundant in this rock, and augite is 
frequently seen as the included material along with the 
glass. (See Plate X III., fig. 5.) The augite phenocrysts 
are pale brown in colour and occur in allotriomorphic 
crystals up to 1 mm. in diameter. The groundmass is 
made up principally of small lath-shaped plagioclases 
showing lamellar twinning and having an extinction angle 
agreeing with medium andesine, Ab3An2. Abundant 
irregularly-shaped patches and rods of iron ores occur 
through the rock. The specific gravity is 2*64.
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Tahltc V.— An D ESIT  ICS.
— I. II. III. IV. V.
%Si().................................. 51-24 57-02 54-10 50-52 59-59
AI2o 3 ............................ 14-33 13-03 13-42 17-55 17-31
Fe2()a .. 1-81 5-41 4-00 3-14 3-33Ee() ' ............................ 0-09 5-15 7-43 4-80 3-13
M g ( ) ............................ 3-45 2-80 4-43 2-51 2-75< 5 i O ............................ 5-07 5-57 7-07 5-50 5-80Na.,() . . 3-75 3-38 3*81 4-82 3-58
K j O ............................ 3-13 3-07 1-15 1-90 2-04
H,()d- 0-28 1-54 0-88 2-45 )
H , 0 -
C O , ............................
0-17 nil nil 0-25) 1-20
Ti()2 ............................ <>•52 1-75 2-35 tr. 0-77P2()r, .. 0-51 0-40 0-40 0-22 0-20M n ( ) ............................ tr. 0-20 0-30 0-13 0-18
Total 100-35 100-04 100-30 99-85 100-00
Spec. (Irav. 2-57 2-04 2-79 2-75
N o r m .
Quartz
Orthoelase
10-74
18-35
12-42
18-35
0-78
0-07
4-08
11-12
|
<
<
 i
31-90
12-79
28-82
12-51
31-90
10-12
40-35
20-85
Diopside
Hypersthene
7-47
i:t»:t
9-89
4-82
10-45
9-87
4-01 
10-48
Magnetite
Jlinenite i
2-55
0-91
7-89
3-34
003
4*41
4-41
Apatite . . . . | 1-34 | 1*01 1-34 0-34
I.— Andesite, II. 4.2.4. Uncose, Observation Hill, Tweed 
Heads.1
II.— Andesite, II. 4.2.3(2). Adamellose, 
Wifcherin, Tamborine Plateau.1 
III.— Andesite, III.(II.) 5.3.4. Camptonose, 
brook Plateau.1
por. 18, parish 
Lookout, Spring-
IV.—Augite-Andesite, II. 5.3.4. Andoso, Obtaba, por 124 
parish Esk.1 1 1
V.— Average analysis of 87 Andesites.2
1 A n n . Report A rtIc . Chem., Q’land, for 191 
* Paly, iRneous Jtocka, p. 20.
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Specimen 125.— Uppermost flow, Mount Meerschaum. 
This is a very fine-grained dark-grey rock which is almost 
free from phenocrysts. Microscopically it shows a typical 
hyalopilitic groundmass with very occasional corroded 
phenocrysts of plagioclase containing glass inclusions. The 
groundmass is extremely fine-grained, and contains a 
rather larger amount of small granules of! the iron ores 
than usual.
Chemical Composition.
In the case of the three normal andesites there is a 
lack of alumina, but a corresponding richness in the iron- 
oxides, particularly ferrous oxide. The total of alumina 
and iron-oxides gives a normal value. The only other 
respect in which they are at all abnormal is in the slightly 
higher value for potash in the Tamborine Plateau and 
Observation Hill rocks than is usual for the andesites; the 
Springbrook rock seems to be more normal in that respect.
In the augite-andesite from Ottaba the alumina value 
is normal, but this rock is characterised by a relatively 
high soda value.
( v ii.)  B a s a l t s .
These are the most abundant rocks and they form the 
bulk of the material extruded in both the first and last 
periods of eruption.
The accumulated thickness of the flows of basalt in 
some cases reaches 1,500 feet and it is made up of a number 
o f small flows one on top of the other. The flows vary a 
great deal in thickness, and 120 feet is the maximum thick­
ness noted for any one flow, but 20 feet or 30 feet is a very 
common thickness.
The bulk of the material is believed to have been 
poured out as surface flows, not intruded as sills; close 
observations were made in the field, and only sills of a 
very minor nature were encountered. Microscopic evidence 
does not help one in this direction, as there is great variation 
in the texture, and ophitic structure is developed to a 
large extent in undoubted lava flows. It is impossible 
to distinguish between the basalts of the lower and upper 
divisions, as they do not differ chemically, macroscopicallv
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or microscopically to a sufficient extent to enable one to 
do so. Also macroscopicul investigations fail to distinguish 
between the andesites and basalts, except possibly by 
specific gravity determinations. The basalts range from 
2-74 to 24)2 in specific gravity, while the andesites range 
from 2-57 to 2-71); so that in many cases it would be possible 
to judge wind her the rock was an andesite or a basalt.
It has been, however, found impossible to distinguish 
them in the field, and the whole series of andesites and 
basalts have been coloured the same on the sketch-map; 
also in many cases it is found that successive flows pass 
from one to tin* other.
At Spicer’s Peak there occurs an oligoclase-basalt 
which is very different from any other known basaltic rock 
in the area. It is similar chemically, mineralogically and 
in its appearance and weathering, to the mugearite described 
by llarkcr*1 from Druirn na Oriehe in Skye.
While one finds in certain areas great developments 
o f olivine-basalts and basalts, there is also an extensive 
development of andesitic-basalts. The andesitic-basalts 
have the texture of andesites with a certain percentage 
o f glassy base while the olivine-basalts are holocrystalline.
These rocks are distributed over the whole of the 
area, and they are found at all levels from 4,100 feet above 
sea-level down to sea-level.
Many of the lavas are amygdaloidal, and in the case 
o f several flows on the Main Range in particular, they have 
abundant zeolites filling the cavities. The zeolite chaba- 
zite is the most abundant ; several other minerals occur in 
the cavities, but are of minor importance when compared 
with chabazite. The rock containing these cavities in 
most cases appears perfectly fresh, and these minerals have 
apparently been formed during the cooling period of the 
rock, and they do not represent ordinary secondary 
minerals. Analeite also has been noticed.
Generally speaking, the flows are not porphyritic, 
although very porphyritic flows do occasionally occur, and 41
41 Op. cit., pp. 264, 265.
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in these latter flows plagioclase phenocrysts up to half an 
inch in length may occur. Olivine also occurs as phenocrysts 
in some of the lavas, and in particular at Toowoomba and 
Spring Bluff.
In crystallinity the rocks are either holocrystalline or 
hypocrystalline. As far as the grain-size is concerned, 
in the groundmass it varies from extremely fine to medium, 
although a fine groundmass averaging -1 mm. in diameter is 
the most common, and in the phenocrysts there are plagio­
clase crystals ranging up to 14 or 15 mm. long, although the 
average length of plagioclase phenocrysts is 2 mm. The 
groundmass is either pilotaxitic or hyalopilitic; fluxion 
structure may be well developed, but ophitic structure is 
very common and indicates that in most cases the lavas 
had come to rest before the augite crystallised out. The 
minerals present as phenocrysts are plagioclase and olivine; 
the former shows simple and broad lamellar twinning as a 
rule and ranges from medium andesine, AbaAn„, to acid 
labradorite, Ab45An55, although basic andesine is the most 
common. Zoning is seen rarely but it has been noticed 
in some of the large phenocrysts in an olivine-basalt from 
Lamington Plateau. Olivine occurs frequently as pheno­
crysts and it may occur up to 2 mm. in length. It is 
usually sub-idiomorphic to rounded and alters in several 
different ways; the alteration to the red lamellar mineral 
iddingsite is very well seen in some of the Lamington 
basalts. The minerals of the groundmass are plagioclase, 
augite, olivine and iron ores. The plagioclase crystals 
usually show albite twinning, though only simple twinning 
is seen in very fine lath-shaped crystals.
Usually the groundmass felspar is more acid than the 
phenocrysts, and ranges from acid andesine, Ab7A n„ which 
is fairly common, to medium labradorite, Ab2An3; the most 
abundant plagioclase is andesine.
The augite appears either colourless in thin sections 
or as the violet-tinted titaniferous variety. It occurs in 
granules, sub-ophitic patches, or hs definite ophitic patches.
It is frequently a matter of great difficulty to distinguish 
between the colourless augite and olivine in the granules. 
Hypersthene has not been seen in any of the basalts.
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Olivine is very abundant in many of the rocks and occurs 
as rounded granules; this mineral occurs in two generations 
quite frequently. Augite has not been found in two 
generations in the basalts, nor has it been found in them 
showing twinning. Olivine may occur sparingly in the 
andesitic basalts, hut augite is extremely abundant.
Roth magnetite and ilmenite occur in great abundance, 
as small granules or crystals in the groundmass, and 
frequently as inclusions in all the other minerals. In some 
of the liner-grained basalts there is a great abundance of 
small granules of either ilmenite or magnetite, but it is 
not easy to determine which of them. The Mount Lindsay 
basalt is particularly rich in iron ore, and in all probability 
it is mostly ilmenite1 as it contains 12*15 per cent. FeO, 
l *78 per cent. Fe.,0.,, and 2*08 per cent. T i02. The iron ore 
occurs frequently as inclusions in olivine1, augite* and plagio- 
ehisc. and while* many of the* crystals are undoubtedly 
magnetite* frenn their shape*, it is usual to find them quite 
allot riomorphie, and freepiently in long thin rods sometimes 
•75 mm. long and cut through by felspar laths. Apatite is 
not often seen although it is undoubtedly present in all the 
rocks to a small extend. The ord<*r of crystallisation is 
always the same*: iron-ore, olivine if present, felspar, augite.
A very large* number of micro-sections have been 
examined, and descriptions of a few of the more typical 
ones are* given below.
Specimen 86.— Lamington Plateau. This is a compact 
porphyritic basalt in which phenoefysts of plagioclase and 
olivine may be seen. Microscopically it is perpatic with 
phenocrysts of acid lahradoritc showing carlsbad and broad 
lamellar twinning.
These phenocrysts are idiomorphic, do not appear to 
have been corroded at all, and range up to 2 mm. in length. 
Olivine phenocrysts which are roughly idiomorphic in 
outline and up to 1 mm. in length are abundant. They are 
altering into the red lamellar mineral iddingsite, and in 
all cases have a thin red band around them where the 
alteration has gone on. (Sec Plate XIV., fig. 2.) The 
groundmass is holoerystalline and shows good fluxion 
structure; the augite is distributed abundantly through
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Olivine is very abundant in many of the rocks and occurs 
as rounded granules; this mineral occurs in two generations 
quite .frequently. Augite has not been found in two 
generations in the basalts, nor has it been found in them 
showing twinning. Olivine may occur sparingly in the 
andesitic basalts, but augite is extremely abundant.
Both magnetite and ilmenite occur in great abundance, 
as small granules or crystals in the groundmass, and 
frequently as inclusions in all the other minerals. In some 
of the liner-grained basalts there is a great abundance of 
small granules of either ilmenite or magnetite, but it is 
not easy to determine which of them. The Mount Lindsay 
basalt is particularly rich in iron ore, and in all probability 
it is mostly ilmenite as it contains 12-15 per cent. FeO, 
1-7S per cent. Fe20 ;„ and 11-08 per cent. T i02. The iron ore 
occurs frequently as inclusions in olivine, augite and plagio- 
elase, and while many of the crystals are undoubtedly 
magnetite from their shape, it is usual to find them quite 
allotriomnrphie, and frequently in long thin rods sometimes 
•75 mm. long and cut through by felspar laths. Apatite is 
not often seen although it is undoubtedly present in all the 
rocks to a small extent. The order of crystallisation is 
always the same: iron-ore, olivine if present, felspar, augite.
A very large number of micro-sections have been 
examined, and descriptions of a few of the more typical 
ones are given below.
Specimen 80.—Lamington Plateau. This is a compact 
porphyritic basalt in which phenoerysts of plagioelase and 
olivine may be seen. Microscopically it is perpatic with 
phenoerysts of acid labradorite showing carlsbad and broad 
lamellar twinning.
These phenoerysts are idiomorphic, do not appear to 
have been corroded at all, and range up to 2 mm. in.length. 
Olivine phenoerysts which are roughly idiomorphic in 
outline and up to 1 mm. in length are abundant. They are 
altering into the red lamellar mineral iddingsite, and in 
all cases have a thin red band around them where the 
alteration has gone on. (See Plate XIV., fig. 2.) The 
groundmass is holocrystalline and shows good fluxion 
structure; the augite is distributed abundantly through
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the section as sub-ophitic patches approximately -2 mm. 
in diameter. Small olivine granules which have been 
altered occur sparingly through the section. Plagioclase 
occurs in lath-shaped crystals averaging -3 mm. in length, 
and it is either acid labradorite or basic andesine. The 
iron-ore minerals occur both as small granules about -04 
mm. in diameter, and as thin rods about 2 mm. long.
The above rock is typical of most of the basalts on 
Lamington Plateau, although there is a great variation 
in the amount of olivine present, and also fluxion structure 
is not always present.
Phenocrysts of olivine with large crystals of plagio­
clase moulded on them are seen in some sections of these 
rocks.
Specimen 94.— Locality: Chinghee Creek, portion 69, 
parish of Telemon. This is one of the flows from the first 
eruption, and it is found below the rhyolite agglomerate. 
In the hand-specimen it is a compact rock, which shows 
occasional plagioclase phenocrysts. When examined micro­
scopically it is seen to be holocrystalline with very occasional 
plagioclase phenocrysts set in a groundmass with plagio­
clase averaging *5 mm. in length, and showing a rough 
fluxion structure. The plagioclase is both medium and 
basic andesine, but the latter is the more abundant. (See 
Plate XIV ., fig 3.) Ophitie structure is very well 
developed, and the enclosing augite by its violet colour is 
apparently the titaniferous variety.
Olivine granules which are altering into serpentine 
are abundant, and they have an average size of -25 mm. in 
diameter. Allotriomorphic grains and rods of iron-ore 
are plentiful. The specific gravity of this rock is 2-76 
and an analysis is given. Name: Basalt.
Specimen 92.— Chinghee Creek, portion 67v, parish of 
Telemon. This is one of the flows from the third period 
of eruption, and rests on top of the rhyolite agglomerate.
It comes from Lahey's Cutting. The flow is very much 
weathered, and it is a matter of difficulty to get a fresh 
specimen. This rock is rather finer-grained than the pre­
vious one and contains more .olivine, being particularly
E
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noted for the abundant and large phenoerysts of this 
mineral. These are usually sub-idiomorphie and have an 
average diameter of 1 nun.
The plagioclase, which oeeurs only in the groundmass 
is hasie andesitic, Al)nr>An4r>. An analysis of this rock is 
given. The specific gravity is 2*87. Name: Olivine Basalt.
Specimen 221.— Locality: 3,000 feet level, south-east 
side of Mount Lindsay. This represents the uppermost 
How of tin* lower division of basic rocks and lies directly 
underneath the pitchstone and rhyolite dome of Mount 
Lindsay. In the hand-specimen it is seen to be extremely 
tine-grained. It has a hyalopilitic groundmass showing 
a very good fluxion structure. (Sec Plate XIV., fig. 6.)
It has small porphyrilic crystals of plagioclase and olivine 
about 1 mm. long, but those phenoerysts are not plentiful. 
The groundmass consists of felspar microlites, very small 
granules of nugite, and a great abundance of very fine 
granules of iron-on*. This is probably largely ilmcnite 
as the norm shows 54)3 per cent, of ilmcnite and 2-55 per 
cent, magnetite. Occasional rectangular patches of magne­
tite -05 mm. in diameter are seen. A very similar rook to 
this is met among tin*, lower basalts on Christmas Creek, 
near Hurge’s Crossing, and on the western termination of 
Luehanans tramline. The specific gravity is 2*7!). Name: 
Basalt.
Specimen 225.— Locality: 2,400 feet level, south-east 
side of Mount Lindsay. This How is one of the lower divi­
sion, and occurs somewhat below the rock just described. 
It differs considerably, however, in being holocrystalline 
and it does not exhibit the same fluxion structure. The 
olivine* is nearly all altered and the augite, which is 
titaniferous, occurs in definite ophitic patches. Name: 
Basalt.
Specimen 112.— Locality : Coulson’s Creek, portion 51v, 
parish of Clumber. This occurs as a dyke, 2 feet wide, 
cutting through a coal-seam which it has coked on either 
side. It is indistinguishable in the hand-specimen from 
many of the surface Hows.
It is holocrystalline, and is made up of very abundant
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thin lath-shaped plagioelase and augite crystals up to .5 
mm. long, set in a pilotaxitic groundmass of augite, plagio- 
clase, olivine and iron-ore.
The plagioelase shows lamellar twinning and is acid 
labradorite, Ab45An5n, while the augite is seen to have a 
marked violet tint. The iron-ore which is very abundant 
and more or less aggregated into patches is seen to consist 
largely of octahedral crystals, so that it is largely magnetite. 
The olivine occurs as rounded granules averaging *15 mm. 
in diameter. It is noticeable that ophitic structure is 
entirely absent, also the “ granulitie”  structure which one 
finds in some of the Hows and which indicates movement 
after crystallisation. Name: Dolcrilc.
Specimen 124.—Locality: Canungra Creek, portion 21, 
parish of Sarabah. This is a flow which belongs to the 
first division of basic rocks, and is the only one of this 
division in which columnar structure has been seen. The 
rock in the hand-specimen is seen to contain abundant 
phenocrysts of plagioelase and occasional crystals of 
olivine. Microscopically it is hypocrystalline and consists 
of sub-idiomorphic crystals of medium labradorite, Ab2An3, 
in size up to 3 mm. long but averaging 1-5 mm., and 
rounded and corroded phenocrysts of olivine averaging 1 
mm. in diameter, set in a groundmass of plagioelase, olivine, 
.augite, iron-ore and a brown glass. The augite does not 
appear in two generations like olivine does. The plagio- 
clase phenocrysts in many cases are very well zoned, and 
the outer fringes are rather acid andesine. The plagio- 
clase in the groundmass averages -3 mm. in length and is 
fairly basic andesine.
The brown glass is very cloudy and seems crowded 
with small dots of iron-ore. The latter occurs as rounded 
patches and as rods up to -2 mm. in length. This rock 
is mainly characterised by the zoning of the plagioelase 
phenocrysts. Name: Andesitic basalt.
Specimen 116.— Summit Spicer’s Peak. This rock is 
a very compact dark-greenish one, and shows very occa­
sional phenocrysts of olivine. Microscopically it has a 
-cryptocrystalline groundmass which seems to be mainly 
felspar, although granules of augite can be seen. (See
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Plate XIV., fig. 5.) Iron-ore is abundant and occurs 
both as allotriomorphic granules and as minute octabedra. 
Olivine occurs as phenocrysts and is largely altered to 
serpentine. These phenocrysts range in size up to 1 mm, 
in length. This rock is somewhat peculiar chemically, and 
although its felspar is indeterminable, it is probably 
oligoclase.
Another micro-section of the same flow shows some­
what more crystalline characters, andNtlie microlitcs can 
be determined as oligoclase. Dr. Woolnough42 described 
this rock and determined it as a porphyritic olivine-basalt. 
The author has seen sections of the same material that he 
dealt with, and while agreeing with his description, would 
prefer to call this rock oligoclase-basalt. The rock has a 
few phenocrysts of acid labradorite up to 2 mm. long, and 
olivine largely altered to serpentine set in a pilotaxitic: 
groundmass of oligoclase, granules of augite, granules of 
iron-ore and small patches of olivine and serpentine. 
Small needles of apatite are abundant.
This rock is rather different from any of the others 
in flu* area, and it has certain similarities to the mugearites 
described by llarker.43 In its mode of weathering, fissile 
character and specific gravity of 2*74, it is similar. Chemi­
cally it is characterised by low magnesia and low lime, 
by high alkalies, both soda and potash; also it has the 
characteristic high value for phosphoric pentoxide.
This rock may be regarded as much allied to the 
mugearites described by llarker and probably it is best 
described as oligoclase-basalt.
Specimen' 139.—Municipal Quarries, Toowoomba.
This rock shows magnificent columnar structure, and it is. 
very fine-grained, breaking with a eonchoidal fracture. 
Phenocrysts of olivine are frequently seen in the hand- 
specimen, and in some cases “ pockets”  are found, several 
inches in diameter. These are accumulated masses o f  
small olivines which are eagerly sought for gem purposes. 
Microscopically the rock shows abundant phenocrysts of'
42 Proc. Roy. Soc., N.S.W., xlv., p. 158.
43 Skye Memoir.
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olivine which are usually rounded, but occasionally sub- 
idiomorphic. These range from about 4 min. down to very 
small granules, although occasionally individual pheno- 
orysts may be nearly half an inch in length. The ground- 
mass is pilotaxitic and is composed of augite, plagioelase, 
olivine, magnetite and ilmenite.
Plagioelase is much less abundant, and olivine much 
more abundant in this rock than in any other rock 
examined. The plagioelase is difficult of determination, 
but is possibly an acid andesitic; it occurs as lath-shaped 
crystals averaging 0-4 mm. in length. The specific gravity 
is 2-88. Name: Olivine-basalt.
The olivine-basalt at Picnic Point, Toowoomba, is very 
similar to this rock.
Specimen 218.— Locality: Summit of Hip Roof Range, 
south of Laidley. This rock in many respects is similar to 
the Toowoomba basalt, and has an abundance of olivine, 
both as phenocrysts and granules in the groundmass. It is 
coarser-grained than the Toowoomba rock, and the olivine 
is seen decomposing into iddingsite.
Titaniferous augite is also fairly abundant through 
the groundmass. This rock differs considerably from one 
at a lower level in the same locality at Deep Creek. The 
Deep Creek rock is mineralogically the same, but has well- 
developed ophitic structure. Name: Olivine-basalt.
Specimen 11.— Locality: Point Danger. This occurs 
as the top flow, which is about 60 feet thick. It has been 
extensively quarried and used for forming the river walls 
along the Tweed River.
In the hand-specimen, large phenocrysts of a dark 
coloured plagioelase showing both carlsbad and lamellar 
twinning are abundant.
Microscopically the rock is seen to have a holocrys- 
talline groundmass of plagioelase, augite and magnetite 
in which are set the phenocrysts of acid labradorite, 
Ab45An55. (See Plate X I V , fig. 1.) The phenocrysts 
range up to 10 mm. in length and have somewhat broken 
edges. In some of them, regularly arrayed inclusions of
a brown colour are seen. The plagioclases in the ground - 
in ass are lath-shaped, average 0-4 mm. in length, and have 
an extinction angle which indicates acid andesine.
The augite occurs in ophitic patches about 1 mm. in 
diameter. The iron-ore occurs in granules and in rods, 
the latter averaging -4 mm. in length. Olivine is not 
present.
Underlying this rock there is another flow, which rests 
on Paheozoic rocks. Between the two flows there are 
lenticular patches of common black opal44 which represents 
altered diatomaceous earth. Also, in the lower part of the 
flow, casts of trees several feet in length and up to a foot in 
diameter are seen; these are always horizontal. The lower 
flow is somewhat similar in the hand-specimen, but it has 
fewer phenocrysts of felspar and microscopically it is very 
different, as it is hyalopilitic and much finer-grained. This 
latter basalt is in many respects similar to the basalt at 
Fingal Point, which is about a mile away and at the same 
level.
Specimen 4.— Locality: Burleigh Heads. This forms 
a capping on the Paheozoic schists, and supports a sub- 
tropieal vegetation. It is typical of the basalt rocks in this 
locality and is characterised by magnificent columnar 
structure. The columns are about 4 feet in diameter, and 
in many cases are 40 feet long.
In the hand-specimen occasional phenocrysts, about 
half an inch long, of very clear plagioclase are seen. Under 
the microscope the rock is seen to be hyalopilitic with a 
fluxional arrangement of the felspars.
The plagioclase laths are about -05 mm. in length, and 
are of two varieties, acid labradorite which is most abun­
dant, and acid andesine which occurs less frequently and 
in somewhat square prisms.
Augite occurs in sub-ophitic rounded patches but 
occasionally in long patches 1 mm. in length. Iron-ore is. 
abundant, and occurs mainly as irregular granules. An 
analysis of this rock is given. Specific gravity* 2.87. 
Name: Andesitic Basalt.
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44 K. W. Skeats, Proc. Roy. Soc., Q’land, xxvi. (1914).
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The basalt at Cut Hill near Coolangatta is very 
similar indeed to this roek.
Specimen 237.— Quarries, Bundamba. This repre­
sents one of the most recent flows in the whole of the area, 
and is largely quarried for road-making purposes.
It is a compact non-porphyritic basalt, and under the 
microscope it is seen to be holoorystalline. The brown 
glass which is studded with rod-shaped crystals of iron-ore 
is not very abundant. (See Plate XIV., fig. 4.) The 
rock is rather coarse in texture, the plagioclase laths aver­
aging 0-6 mm. in length, and the augite which occurs in 
ophitic patches well developed may extend to 1*5 mm. in 
length.
Olivine is abundant, and occurs in rounded crystals 
up to 1 mm. in diameter. The plagioclase is an acid 
labradorite.
This rock is certainly a flow, and it shows ophitic 
structure better developed than in any other rock examined. 
Specific gravity 2-92. Name: Basalt.
Basaltic Tuffs and Agglomerates.
These do not occur to any great extent, and are really 
of very limited occurrence. At Christmas Creek, between 
Lamington and Lamington Glen, basaltic agglomerate 
which is made up of rounded boulders and scoriaceous frag­
ments occurs immediately beneath the acid agglomerates 
of the area. There is no great thickness and it represents 
the surface of the lower basic rocks. The surface material 
at Spicer’s Peak, on its extreme eastern end, is also 
agglomeratic in nature, and represents in that locality the 
most recent material which is preserved, of the upper divi­
sion of the basic rocks. It is probable that the explosive 
element resulting in the agglomerate developed here and 
also at Christmas Creek when the fissures which had 
served as the extruding channels became choked up.
Near Toowoomba there are very large accumulations 
of basaltic tuff, and numerous sections through it are seen
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along the railway cuttings,‘between Ilarlaxton and Spring 
Bin IT*. It is well bedded, loosely aggregated, and in a very 
weathered condition.
In the Municipal Quarries at Toowoomba, distinct 
evidence of central vents is present, and it is in this district 
only that evidence of prolonged and important extrusions 
of basic material from eruptions of the central type is 
found.
Chemical Gomposition.
The analysis of the oligoclase-basalt from Spicer’s 
Beak is seen to be very similar to the mugearite analysis. 
It is richer in silica and poorer in ferric oxide, but the 
lime, magnesia, total alkalies, titania and phosphorus 
pentoxide are very similar. The Spicer’s Beak rock is 
poorer in soda but correspondingly richer in potash. There 
is a close similarity between the basalt from Cooper’s 
Plains and the lower basalt in portion 69 at Chinghee Creek. 
This similarity is interesting as the Cooper’s Plains basalt 
represents one of the most recent flows of the area, and the 
Chinghee Creek flow one of the earliest, as it belongs to 
the lower division.
The basalts from Pittsworth and Mount Lindsay are 
also very similar. Chemical distinctions cannot be made 
between the rocks of the lower and upper divisions, nor 
can they be distinguished microscopically.
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VI. RELATIONSHIPS OF THE VOLCANIC 
ROCKS TO ONE ANOTHER.
Thirty-five complete chemical analyses of the volcanic 
rocks are available. These, which may be regarded as repre­
sentative of the extruded material, have all been tabulated 
earlier in this paper. For purposes of better comparison, 
however, the accompanying table has been drawn up, and 
all the analyses have been recalculated to 100 per cent, 
after the subtraction of the water &c.
In the list of rocks analysed, there are representatives 
of the upper, middle and lower divisions, and also of the 
alkaline and sub-alkaline types. An examination of the 
table shows that the rocks range from acid to basic, and 
the order followed is simply one of silica percentage in the 
recalcplated analyses. The numbers which the rocks are 
here given are those used for the rocks in the variation 
diagrams.
Owing to the great extent of volcanic rocks, their 
stratigraphical relationship to one another, the denudation 
which has gone on, and the great difficulty of mapping-in 
boundaries owing to the ruggedness of the country, it 
is a matter of difficulty to accurately estimate the relative 
volumes of the different outpourings. But as the im­
portant masses are all known and the average thicknesses 
of the various divisions can be determined it is possible 
to make an estimate as to the general ratios of the volumes 
of the extrusions.
This estimate used in conjunction with the chemical 
analyses enables one to make an approximation to the mean 
average composition of the extruded material.
It is believed that all the volcanic rocks of the area are 
magmatically related, and that the parent magma from 
which they have been derived had the composition of a 
nearly normal andesite.
Average Composition of the Volcanic Hoclcs of the 
Upper Division.
Fourteen analyses of lavas known definitely to belong 
to this division have been used. The rocks analysed are
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representatives of all parts of the area, and it is notable 
that there arc no representatives, belonging to this division, 
of the definitely alkaline series. The author is of the 
opinion that a combination of the analyses in equal pro­
portions furnishes the most reliable basis for a determina­
tion of the mean average composition of the lavas. The 
analyses used were those of lavas numbered 18, 20, 22, 23, 
24, 25, 26, 27, 28, 29, 31, 32, 33, 34.
Average Composition of the Volcanic Kochs of the 
Middle Division.
This estimation is rather more complex than the above, 
and seventeen analyses were used.
The rhyolitic rocks in the southern part of the area, 
the rocks of the Esk district, and the alkaline rocks from 
the Glass House Mountains, Mount Flinders and Main 
Range areas, constitute the representatives of this division.
It is estimated that rocks of this division in the Main 
Range, the Esk, the Glass House Mountains and the 
Mount Flinders areas are of nearly equal importance. 
Consequently the analysis of tin* soda trachyte from the 
Main Range was combined equally with each of the three 
averages derived from (a) the five Esk rocks, (h) the four 
Glass House Mountains rocks, and (c) the three Mount 
Flinders rocks.
The above rocks together total approximately one 
quarter of the extensive development of middle division 
rocks in the southern and south-eastern portions of the 
areas.
The Chinghee Creek, Mount Lindsay, Mount Barney, 
and Springbrook rocks are all very similar and are repre­
sentative of the southern and south-eastern material.
Consequently the average obtained by taking each of 
these latter four rocks and the above average in equal 
proportions is regarded as being approximately represen­
tative of the extruded material of the middle division.
The analyses used were those of the rocks numbered 
1, 2. 3, 4, 5, 6, 7, 8. 9, 10, 11, 12, 14, 16, 17, 19, 21.
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1. Rhyolite— miles south of Lamington, por. 58v, par. Tolomon.
2. Cornendite— Mount Conowrin, Glass House Mountains.
3. Pitclistone— Mount Lindsay.
4. Rhyolite— Mount Barney.
5. Rhyolite— Glen Rock, Esk.
6. Rhyolite— Springbrook Plateau, por. 80, par. Numinbah.
7. Pantellerite— Mount Nguu-Ngun, Glass House Mountains.
8. Rhyolite— Ottaba, por. 28v, par. Biarra, Esk District.
9. Pantellerite— Trachyte Range, Glass House Mountains.
10. Porphyritic Soda-Trachyte—Mount Flinders.
11. Trachyte— Portion 136a , par. Esk.
12. Soda-Trachyte— 2,000 feet level, Warwick coach road, Main Range.
13. Trachyte— Cainbable Creek, por. 12, par. Numinbah.
14. Trachyte— Mount Beerwah, Glass House Mountains.
15. Dacito— Near Bankfoot House, Glass House Mountains.
1(3. Trachyte— Summit, Mount Flinders.
17. Trachyte— Portion 51, par. Esk.
18. Andesite— Observation Hill, Tweed Heads.
19. Augite-Andesite— Portion 134, par. Esk.
20. Andesite— Tamborine Plateau, por. 18, par. Witherin.
21. Phonolitic-iEgirine-Trachyte— Foot of Mount Flinders.
22. Oligoclase-Basalt— Summit of Spicer’s Peak.
23. Andesite— Springbrook Plateau, por. 84, par. Numinbah.
24. Andesitic-Basalt— Burleigh Heads.
25. Basalt— South of Ipswich, por. 25/2(3, par. Purga.
26. Basalt— Quarries, Bundainba.
27. Basalt— South of Ipswich, por. 124, par. Purga.
28. Olivine-Basalt— Fingal Point, Tweed Heads.
29. Basalt— Walkcden’s Quarry, Cooper’s Plains.
30. Basalt— Two miles south of Lamington, por. GO, par. Telemon.
31. Basalt— Quarries, Toowoomba.
32. Basalt— Red Hill, Ipswich.
33. Basalt— Four miles south of Lamington, por. 67v, par. Telemon.
34. Basalt— Pittsworth, Queensland.
35. Basalt— 3,000 feet level, south-east side, Mount Lindsay.
Average Composition of the Volcanic Bocks of the 
Lower Division.
This is of much less importance than the other two 
divisions and two analyses only were used here. They 
were combined equally in making the determination, and 
the analyses used were those of rocks numbered 30, 35.
1. Rhyolite— 3J miles south of Larnington, por. 58v, par. Tclornon.
2. Comendite— Mount Conowrin, Glass House Mountains.
3. Pitchstone— Mount Lindsay.
4. Rhyolite— Mount Barney.
5. Rhyolite— Glen Rock, Esk.
6. Rhyolite— Springbrook Plateau, por. 80, par. Numinbah,
7. Pantellerite— Mount Ngun-Ngun, Glass House Mountains.
8. Rhyolite— Ottaba, por. 28v, par. Biarra, Esk District.
9. Pantellerite— Trachyte Range, Glass House Mountains.
10. Porphyritic Soda-Trachyte— Mount Flinders.
11. Trachyte— Portion 130a , par. Esk.
12. Soda-Trachyte— 2,000 feet level, Warwick coach road, Main Range.
13. Trachyte— Cainbable Creek, por. 12, par. Numinbah.
14. Trachyte— Mount Boerwah, Glass House Mountains.
15. Dacite— Near Bankfoot House, Glass House Mountains.
10. Trachyte— Summit, Mount Flinders.
17. Trachyte— Portion 51, par. Esk.
18. Andesite— Observation Hill, Tweed Heads.
19. Augite-An desite— Portion 134, par. Esk.
20. Andesite— Tamborine Plateau, por. 18, par. Witherin.
21. Phonolitic-iEgirine-Trachyte— Foot of Mount Flinders.
22. Oligoclase-Basalt— Summit of Spicer’s Peak.
23. Andesite— Springbrook Plateau, por. 84, par. Numinbah.
24. Andesitic-Basalt— Burleigh Heads.
25. Basalt— South of Ipswich, por. 25/20, par. Purga.
26. Basalt— Quarries, Bundainba.
27. Basalt— South of Ipswich, por. 124, par. Purga.
28. Olivine-Basalt— Fingal Point, Tweed Heads.
29. Basalt— Walkeden’s Quarry, Cooper’s Plains.
30. Basalt— Two miles south of Larnington, por. 09, par. Telemon.
31. Basalt— Quarries, Toowoomba.
32. Basalt— Red Hill, Ipswich.
33. Basalt— Four miles south of Larnington, por. 67v, par. Telemon.
34. Basalt— Pittsworth, Queensland.
35. Basalt— 3,000 feet level, south-east side, Mount Lindsay.
Average Composition of the Volcanic Hocks of the 
Lower Division.
This is of much less importance than the other two 
divisions and two analyses only were used here. They 
were combined equally in making the determination, and 
the analyses used were those of rocks numbered 30, 35.
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Mean Average Composition of the Volcanic Uoclcs 
of the Area.
All Hi n r divisions an* represented in each of the 
important accumulations of extruded material, and the 
average thicknesses are 1,000, 500 and 100 feet respectively 
for the upper, middle and lower divisions.
The actual areal distribution of each division is 
approximately the same, as they are all piled one on top 
of tin* other, so that a general ratio of 10 : 5 : 1 is arrived 
at for the respective volumes of the upper, middle and 
lower divisions.
Hv combining the averages for each of these divisions of 
rocks in these proportions, the following average composi­
tion as shown in Table VIII. of the whole of the volcanic 
rocks of the area is obtained. For the purposes of these 
calculations, all the rocks were assumed to have the same 
density, as the roughness of the mapping did not warrant 
one taking differences of density into account. The 
average analysis is seen to he close to the average andesite 
given by Daly,4*' and also to the andesite from the southern 
end of Tamhorinc Plateau. It differs from the average 
andesite analysis mainly in alumina and iron-oxide value, 
though on totalling these a close approximation is ob­
tained. The magnesia is rather higher, the lime slightly 
lower, and the potash a little higher than in the average 
andesite analysis.
In comparing the average obtained with the Tam- 
borine andesite it is seen that the former is about, 1 per 
cent, higher in silica, the ferric oxide is considerably lower, 
the magnesia is rather higher, and the potash and also the 
titania a little lower.
*s Igneous Hocks ami their Origin, p. 26.
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Mean Average Composition of the Volcanic Kochs 
of the Area.
All three divisions are represented in each of the 
important accumulations of extruded material, and the 
average thicknesses are 3,000, 500 and 100 feet respectively 
for the upper, middle and lower divisions.
The actual areal distribution of each division is 
approximately the same, as they are all piled one on top 
of the other, so that a general ratio of 10 : 5 : 1 is arrived 
at for the respective volumes of the upper, middle and 
lower divisions.
By combining the averages for each of these divisions of 
rocks in these proportions, the following average composi­
tion as shown in Table VIIT. of the whole of the volcanic 
rocks of the area is obtained. For the purposes of these 
calculations, all the rocks were assumed to have the same 
density, as the roughness of the mapping did not warrant 
one taking differences of density into account. The 
average analysis is seen to be close to the average andesite 
given by Daly,45 and also to the andesite from the southern 
end of Tamborine Plateau. It differs from the average 
andesite analysis mainly in alumina and iron-oxide value, 
though on totalling these a close approximation is ob­
tained. The magnesia is rather higher, the lime slightly 
lower, and the potash a little higher than in the average 
andesite analysis.
In comparing the average obtained with the Tam­
borine andesite it is seen that the former is about 1 per 
cent, higher in silica, the ferric oxide is considerably lower, 
the magnesia is rather higher, and the potash and also the 
titania a little lower.
45 Igneous Rocks and their Origin, p. 26.
This estimated average composition for the whole of 
the volcanic rocks of the area is based on rough general 
calculations, but it may be regarded as approximately 
correct.
BY II. c. r ic iia r d s t .185
T able VIII.— Average Compositions.
-— I. II. in. IV. V. l VL
Si02 52-45 71-73 48-63 58-24 59-59 57-25
a i2o 3 • • 15-05 12-30 14-97 14-19 17-31 13-54
Pe2t)3 * * 2-80 2-16 3-14 2-62 3-33 5-38
FeO 7-89 1-21 9-19 5-89 3-13 5-12
MgO 5-48 0-42 5-41 3-89 2-75 2-84
CaO 7-32 1-09 8-28 5-43 5-80 5-53
Na20 3-38 3-85 3-53 3-54 3-58 3-36
K 20 1-76 4-74 1-23 2-66 2-04 3-05
h 2o +
h 2o -
1-21
0-49
1-55
0-42
1-47
0-86
1-33 ) 
0-49 ) 1-26 1-53
T i02 1-40 0-40 2-52 1-16 0-77 1*74
p 2o 5 0-56 0-09 0-61 0-42 0-20 0-40
MnO 0-19 0-04 0-16 0-14 0-18 0-26
Total . . 100-00 100-00 100-00 100-00 100-00 .10000
Calculated as Water-Free.
Si02 53-37 1 73-17 49-88 | 59-34 60-35 1 58-15
a i2o3 15-31 12-58 15-32 14-46 17-54 13-75
Fe20 3 2-85 2-20 3-22 2-67 3-37 5-46
FeO 8-03 1-23 9-31 5-99 3*17 5-20
MgO 5-58 0-43 5-53 3-97 2-78 2-89
CaO 7-44 1-11 8-47 5-53 5-87 5-62
Na20 3-43 3-93 3-61 3-59 3-63 3*41
KoO 1-80 4-82 1-25 2-71 2-07 3-10
Ti02 1-43 0-40 2-63 1-18 0-78 1-76
p2o5 0-57 0-09 0-62 0-42 0-26 0-40
MnO 0-19 1 0-04
0-16 0-14 0-18 0-26
Tctal . . 100-00 100-00 100-00 100-00 |100-00 100-00
I.— Average composition, of Volcanic Hocks of Upper Division. 
II.— Average composition of Volcanic He cks of Middle Division.
III. — Average composition of Volcanic Rocks of Lower Division.
IV. ---Average composition of Volcanic Rocks of all three Divisions.
V.— Average composition of 87 Andesites, (a)
VI.— Composition of Andesite from Tamborine Flateau, por. 18, 
, ' • • parish Withering - H
( .(a) D aly. Jgheouu Rocks ■ . k ' - 
F
180 VOLCANIC ROCKS OF SOUTH-EASTERN QUEENSLAND
All the analyses available were used with the exception 
o f that of the Glass House Mountains daeite and tin? 
Cain ha hie Creek trachyte. These aye both of very minor 
importance, and would not really affect the determinations 
carried out above.
Mag mat i c / i c l a t i o n ship s.
In order to see whether the volcanic rocks were magma- 
tically related, the recalculated analyses, in percentages by 
weight, were plotted with the different oxides against the 
silica in the usual way in the constitution of variation dia­
grams. It is quite obvious that the rocks as a whole do 
not conform to one particular curve for each oxide, and 
investigation shows that it is necessary to have at least 
three curves. The rocks which are definitely alkaline con­
form closely to one series of curves having all the charac­
teristics of curves for alkaline rocks, while the rocks 
definitely sub-alkaline conform closely to one series of 
curves which have all the characteristics of curves for 
sub-alkaline rocks. There arc, however, nine rocks whoso 
somewhat, intermediate character had been detected already 
microscopically, and these are all found to conform fairly 
well with a series of curves which take up, as a rule, an 
intermediate position between the alkaline and sub-alkaline 
curves.
An examination of all the diagrams (sec Plates VI.- 
IX .) shows that generally speaking there is a close con­
formity of the three series of rocks to their respective 
curves in each diagram.
While in general the term “ alkaline”  as applied to 
rocks may be satisfactory the author felt that he wanted 
some specific information for the correct determination of 
the character of certain rocks, particularly the acid ones.
A fine series of generalised variation diagrams which 
Harker shows on pages 150 and 151 of “ The Natural 
History of Igneous Rocks”  proved of very great value in 
this direction and the author adapted them for the purpose 
mentioned above. By drawing up the variation diagrams, 
each with its three curves, and also plotting Harker’s 
adapted generalised variation diagrams showing the curves 
for the alkaline (atlantic) and sub-alkaline (pacific) series,
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the normality or otherwise of the alkaline and sub-alkaline 
series of the rocks in question is shown, also the inter­
mediate nature of the third series is made quite evident.
There is no question as to the reliability of the curves 
on Marker’s generalised variation diagrams, and they fur­
nish an excellent method of comparison. Marker’s curves 
are plotted from analyses of all igneous rocks whereas 
we are concerned with volcanic rocks only, and although in 
certain minor respects the curves for volcanic rocks would 
differ from curves for plutonie rocks, the influence this 
would have on these comparisons might be considered of 
minor importance. In addition Marker’s curves have not 
.been drawn up from water-free analyses recalculated to 
100 per cent.
There are many interesting features about the varia­
tion diagrams but the most outstanding thing is the 
general paucity of alumina and the general richness of 
iron-oxides for the rocks as a whole. Curves have been 
•drawn for lime, magnesia, soda, potash, combined soda and 
potash, alumina, total iron-oxides as ferrous oxide, and 
•combined alumina and total ferrous pxide. Well-shaped 
curves with the respective rocks of each series closely con­
forming to its particular curve can be drawn for lime, 
magnesia, soda, potash, combined soda and potash, and 
■combined alumina and total iron-oxide as ferrous oxide.
In the case of alumina alone, and also of the total 
iron-oxides as ferrous oxide, it is impossible to draw curves 
of any value at all which have all the rocks conforming to 
them; but it is most noticeable that by combining these two 
-values and plotting them, excellent curves, with the rocks 
.closely conforming, can be drawn. An examination of 
Plate VIII. shows that the alumina values are as a rule 
markedly low and the ferrous oxide values markedly high, 
and, moreover, there is an antipathetic variation from the 
normal curve o f these values in the same rock. Normally, 
curves for alumina and ferrous oxides are antipathetic, so 
that one might expect to. obtain reasonable curves for the 
combined oxides. This expectation is very well fulfilled 
{see Plate IX .) , and the curves for the three rock series 
.are all very close and are closely comparable with the
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curves for these combined oxides which have been adapted 
from Ilarker’s curves. The only rock that does not conform 
well is the Toowoomba basalt, and the low alumina value 
is accompanied by a high magnesia value; this rock is 
extremely rich in olivine.
Thus while the alumina is certainly low and the total 
iron-oxides as ferrous oxide certainly high, the combined 
oxides are thoroughly normal.
The curves for lime are all good ones, and when com­
pared with the generalised curves of ITarker it is seen that 
both tin* sub-alkaline and alkaline series are slightly lower 
than normal, while the third series occupies an intermediate 
posit ion.
The curves for magnesia are, generally speaking, good, 
although the Burleigh Heads andesitic-basalt has a low 
value, and the Toowoomba basalt a high value. The Bur­
leigh Heads rock in other respects is, however, nearly 
normal. The Toowoomba basalt is extremely rich in olivine, 
and this accounts for the high value for magnesia, and it 
is to be noted that the alumina value for this rock is corres­
pondingly low. The curve for the sub-alkaline series is 
almost normal although a little low, but that for the alka­
line series is considerably lower than the normal alkaline 
curve. The third series gives a very good curve which 
takes up an intermediate position between the other two.
. The curves for soda are reasonably good, but in com­
parison with the generalised curves of Harker the alkaline 
curve is seen to be considerably higher, and the sub-alkaline 
curve, while nearly normal, is a shade high towards the 
basic end. The curve for the third series is again in an 
intermediate position. The trachyte from the summit o f 
Mount Flinders is considerably below the alkaline curve,, 
but in the potash diagram it is seen to be somewhat above. 
The rocks as a whole are a little above the normal in soda.
The curves for potash are not as good as those for soda, 
and show the alkaline series to be slightly above the normal, 
and the sub-alkaline series rather more so, except towards 
the basic end. The rhyolite from Glen Rock is considerably 
off the curve for the third series. The rocks as a whole 
are little above the normal in their potash value.
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The curves for combined soda and potash are good 
curves, and both the alkaline and sub-alkaline curves are 
somewhat above the normal. The trachyte from Cainbable 
Creek, which on general considerations is. regarded as 
belonging to the sub-alkaline series, is rather richer in alka­
lies than the others of that series. The third series of rocks 
again takes up an intermediate position. Curves for 
phosphorus pentoxide, titania and manganese oxide have 
not been drawn up.
: After an investigation of these variation diagrams, it
is clear that the rocks of the area belong to three series, 
an alkaline series, a sub-alkaline series, and a third series 
intermediate between these two, also that the rocks of the 
area as a whole are a little higher in both soda and potash, 
and a little lower in both lime and magnesia, than the 
normal, and although the alumina is low and the total 
iron-oxides are high, the combined oxides of aluminium 
and iron are normal.
The Alkaline Scries.
The rocks of this series are from the Glass House 
Mountains, Flinders Range and the Main Range. There 
are eight analyses, and all are those of Dr. Jensen. These 
rocks form perhaps 5 per cent, of the volcanic rocks of 
this area, which has been generally regarded as one rich in 
alkaline eruptives.
The series ranges from acid to sub-acid and is much 
more restricted in that respect than the other series. It is 
particularly rich in alkalies and rather deficient in lime 
and magnesia, when compared with the alkaline rocks as a 
whole; but this is to be expected to some extent as alkaline 
volcanic extrusives are, in general, more salic than the 
equivalent plutonic types.
The occurrences are somewhat scattered and separated 
from one another. Dr. Jensen has dwelt on the fact that 
these alkaline rocks have been poured out near the junc­
tions of the Palaeozoic and Mesozoic formations. This is in 
general true, but we have had apparently similar conditions 
of folding, faulting and position with regard to Mesozoic 
coastlines &c., for both the alkaline and sub-alkaline 
series.
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Dr. Jenson40 has also advocated the assimilation o f 
carbonate rocks by the parent magma with the resultant 
production of alkaline material. Daly47 has elaborated 
this view, and indicates that, in the localities with which 
we are here concerned, highly calcareous Mesozoic sedi­
ments and possibly Palaeozoic limestones have been cut by 
the alkaline eruptives. "While small lenticular patches of 
limestone a few feet in diameter, and sandstone beds con­
taining abundant calcareous material, are occasionally met 
in the Mesozoic sediments of this area, the use of the term 
“  highly calcareous”  does not seem at all justified for the 
formation as a whole; and, as far as the author can learn, 
there is no justification at all for assuming that Palaeozoic 
limestones have been cut through, for the Mesozoic sedi­
ments lie unconformably on the old Paheozoic schists which 
arc* not at all specially calcareous but rather the reverse 
and which are older than any known deposit of limestone 
in this portion of Queensland. An analysis of a typical 
sample of these schists by the Agricultural Chemist, Bris­
bane, gave 1-59 per cent. CaO, 3-39 per cent. Na20, 3-07 
per cent. K20.
As far as this area is concerned the evidence is rather 
against any special limestone assimilation by the sub- 
alkaline magma.
Daly apparently holds that the sub-alkaline magma as 
it traverses the formation absorbs the limestone or dolomite 
with the resultant production of alkaline material. The 
thickness of Mesozoic formations traversed by the alkaline 
rocks in the Glass House Mountains and Mount Flinders 
area is really small, especially at Mount Beer wall, and it 
seems inconceivable to the author that the alkaline nature 
of this material resulted subsequently to the passage of the 
material into the Mesozoic material. I f  it did so, then one 
is faced with explaining why one finds alkaline lavas and 
sub-alkaline lavas resting one on top of the other and poured 
out in all probability from the same opening.
At the Main Range, we have alkaline trachyte occur­
ring between sub-alkaline, sub-basic, and basic lavas.
*n Proe. Linn. Soc., N.S.W ., 1908, vol. xxxiii.
47 Op. cit.
BY II. C. RICHARDS. 191
It is very difficult to fit in the above evidence with the 
idea that the alkaline magma results from the assimilation 
of limestone material as the Paheozoic and Mesozoic for­
mations are intruded. It is conceivable that, in the magma 
reservoir, the absorption of limestone material would bring 
about a magmatic splitting resulting in an alkaline partial 
magma being formed, but it has already been shown that 
the sub-alkaline as well as the alkaline rocks are really 
slightly deficient in lime and magnesia.
It is of interest also to note that in connection with 
D aly’s theory Professor P. Marshall states4*:— “  There 
appears to be no evidence in support of this theory as far 
as our knowledge of the alkaline rocks of the South Pacific 
Islands allows us to form a judgment at the present time.”
The evidence from this area is certainly strongly in 
favour of differentiation of the original magma resulting 
in the formation of the alkaline material having taken 
place in the magma reservoir. The average composition 
of the alkaline rocks in the area has been estimated, and 
the Glass House Mountains area, Mount Flinders area, and 
the Main Range area were assumed to be of approximately 
equal importance in making the calculation.
The result is possibly a little high in soda and titan in, 
as the Main Range trachyte was especially rich in these 
two, and perhaps more so than usual. Analyses used were 
those of rocks numbered 2, 7, 9, 10, 12, 14, 16, 21.
8ub-alkaline Scvies.
This series of rocks is represented in the upper, middle, 
and lower divisions, and embraces something more than 90 
per cent, of the extruded material. The series ranges from 
acid to basic, and the rocks occur in all parts of the area. 
In comparison with normal sub-alkaline rocks, it has been 
shown that this series is characterised by a slightly higher 
alkali percentage and slightly lower lime and magnesia 
percentage; also, while the alumina is lower and the iron- 
oxides higher, the combination of these is about normal. 48
48 Trans, and Proc., N. Z. Inst., vol. xlvii., 1915, p. 372.
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There is little doubt as to the magmatic relationship 
of the rocks of this series, for in practically all the curves 
all the rocks conform closely.
Considering the extent of the area from which these 
rocks have been collected,, and the fact that at least four 
different analysts carried out the chemical work, the general 
conformity to the curves might be considered good. The 
magmatic relationship existing between acid and basic 
rocks in this series is of note, because the alkaline series 
seems restricted to acid and sub-acid representatives.
The mean average composition of the sub-alkaline 
series has been determined, and in doing so the results of 
the? eighteen analyses of the series were combined equally, 
for it was considered that the rocks analysed in the general 
way represented the rocks of the series in the proper pro­
portions. Analyses used were those of rocks numbered 
1, 3, 4, 6, 13, 15, 18, 20, 23, 24, 25, 26, 29, 30, 31, 32, 33, 34.
/  nlermedialc ISeries.
This series (unbraces rocks from the upper, middle, and 
lower divisions, and their positions in these divisions are 
worthy of note. The basalt from Mount Lindsay is the 
uppermost flow of the lower division, and the basalts from 
the summit of Mount Spicer, Purga, and Fingal Point, 
Tweed Heads, are some of the most recent flows of the 
upper division, while the five remaining rocks of the series 
from the Esk district are believed to belong to the middle 
division. Whether the occurrence of these rocks at the 
termination of two periods of activity during which basic 
rocks have been poured out is a mere coincidence or not, is 
a question. It is true that following upon the Mount Lind­
say basalt there were acid rocks made up almost entirely 
of quartz and alkali felspar, but whether this has any 
bearing or not on the somewhat intermediate character of 
this basalt is at present indefinite.
One may explain this series of rocks as resulting from 
a magma formed by an admixture of the alkaline and sub- 
alkaline magmas, or else from a separate partial magma 
which had been split off from the parent magma in the 
same way that one assumes other partial magmas to have
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resulted. This series is, perhaps, more closely allied to the 
sub-alkaline series than to the alkaline series. An estimate 
of the average composition of this series has been made, 
and in doing so the nine rocks analysed were taken as 
equally proportionate. Analyses used were those of rocks 
numbered 5, 8, 11, 17, 19, 22, 27, 28, 35.
Table IX .— A verage Compositions.
— I. II. III.
•Si02 ........................................... 06-13 08-24 1 59-06
A la0 3 ........................................... 14-09 14-07 1 14-44
Fe20 3 ........................................... 2-93 3-00 2-83
FeO ........................................... 1-25 5*51 6-13
MgO ........................................... 0-19 4-20 2-45
CaO ........................................... 0-98 5-83 | 4-07
Na20  ........................................... 0-22 3-38 4-04
k 2o  ........................................... 4-01 2-52 2*54
h 2o +  ........................................... 0-98 1*21 1-42
h 2o -  ........................................... 0-00 0-47 0-47
T i0 2 ........................................... 1-27 1-03 1-30
P20 5 . . tr. 0-33 0.53
MnO ............................................ 0-09 0-15 0.12
Total 100-00 | 100-00 !
1
100-00
Calculated as Water-Free.
:Si02 , . . . 07-23 1 59-25 j 00-19
ai2o3 . . 14-95 14-29 14-73
Fe20 3 , . . . 2-98 3-05 1 2-89
FeO 1-27 5-61 0*25
MgO 0-19 4-33 2-49
CaO . . . . 1-00 i1 5-94 4*15
Xa20 . . 6-32 | 3-43 4-73
k 2o . . 4-08 1 2-50 2-59
Ti02 i-29 : 1 -05 j 1-32
P20 5 . . tr. 0-34 0-54
MnO •• •• 0-09 0*15 0-12
Total 10000 I 100-00 100*00
X.— Average Composition of Alkaline Series of Volcanic Rocks.
IX.— Average Composition of Sub-alkaline Series of Volcanic 
Rocks.
III.— Average Composition of Series intermediate between Alka­
line and Sub-alkaline.
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VIr. 'PETROGRAPHIC PROVINCES.
The conclusions to be derived from the above considera­
tions are—
1. During the ? Lower Cainozoic period there was
an extensive basic to sub-basic sub-alkaline pro­
vince over most of the southern and western 
portion of the area.
2. During the ? Middle Cainozoic period there
was an acid sulwdkaline sub-province, and at 
least throe acid to sub-acid alkaline sub-pro­
vinces, two of which, namely, those of the Main 
Range and Mount Flinders, were probably 
connected.
2. During the ? Upper Cainozoic period there 
was a basic to sub-basic sub-alkaline province 
over almost the whole area.
Tn addition to this, during the ? Middle Cainozoic 
period, then* was a sub-province in the Esk district, parti­
cularly characterised by an acid to sub-acid series of rocks 
of a nature intermediate between the alkaline and sub- 
alkaline but more allied perhaps to the latter.
1\ elation ship between the Volcanic Rocks and Earth 
Movements.
There is no evidence in this area of the folding move­
ments such as ITarker40 associates with the pacific or sub- 
alkaline type of rocks; but, on the other hand, faulting on 
an extensive scale is known to have taken place along cer­
tain lines. The main fault-lines are in a general north and 
south direction along the eastern escarpment of the Main 
Range, and along a line to the west of Ipswich; there is a 
possible extension of this latter fault-line in a north-east, 
and south-west direction to Mount Flinders.
The Main Range faulting took place at some time sub­
sequent to the extrusion of the volcanic rocks of the upper 
division, as they had been dissected by streams to a depth 
of 1,500 feet at least, but whether faulting had occurred*
4f* Natural History of Igneous Docks.
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along this line before, it is difficult to say. However, we 
have along this particular line both the upper and lower 
sub-alkaline extrusions with the alkaline extrusions between, 
so that it is difficult to sec how Ilarker's generalisations 
hold here. The available evidence certainly does not sup­
port the generalisations made by Barker. Similar con­
clusions have been arrived at for the Victorian Cainozoic 
rocks by Professor Skeats and Dr. Summers.00
In all probability, further evidence of faulting will be 
forthcoming in the southern portion of the area, but there 
is nothing to suggest that folding except on a very minor 
scale has happened anywhere in the area since the Palaeo­
zoic era.
VIII. ORIGIN OF THE VOLCANIC ROCKS.
It has been shown that different portions and also in 
some cases the same portions of the area have been charac­
terised by different series of volcanic rocks at various 
times. This one assumes to be the result of magmatic 
differences, and further that these different magmas have 
been derived from the parent magma. Certain characteris­
tics which are common to the different series strengthen the 
belief that they are magmatically related. These charac­
teristics have been frequently cited earlier, and are the 
general paucity in alumina and corresponding richness in 
iron-oxides, together with a slight lack of lime and magnesia 
and a slight excess of the alkalies.
An estimate of the general composition of this parent 
magma has been made, and it is very close to that of the 
average andesite.
That such a rock magma could exist is shown by the 
similarity of its composition with that of the andesite from 
the southern portion of Tamborine Plateau.
The parent magma split up in some way into a large 
sub-alkaline magma, and several smaller alkaline magmas, 
and magmas with a composition intermediate between the
50Geol. Surv., Victoria, Bull. 2 4 ;  and Troc. Roy. Soc., Vic.. 1914,
p. 289.
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sub-alkaline and alkaline ones. Serial differentiation then 
went on in these magmas, and as a result the various rocks 
were separated out.
With the sub-alkaline magma, the order of separation 
and extrusion oi: the material seems to have been as follows: 
— Basic, then sub-basic and basic, extensive acid, still more 
extensive basic and sub-basic', and finally basic. While 
the sub-alkaline magma was extruding the acid material 
tin* alkali magmas were sending off acid and sub-acid 
material in the different centres, and these were exhausted 
before the sub-alkaline magma again extruded the basic 
and sub-basic material. The magmas of intermediate com­
position began extruding basic material previous to the acid 
sub-alkaline extrusions, and while the latter were being 
exhausted, acid and sub-acid material of an intermediate 
nature was separated off and extruded; some of the most 
recent flows in the area were the last extrusions of a basic 
nature from these magmas.
T able N ,
— I. II. III. IV.
.Si()2 ............................ 70-47 j 49-65 60-06 59-34
Al2()3 ............................ 14-90 i 16-13 15-52 14-46
*>*o, ............................ 1-63 I 5-47 3-55 2-67
F e O ............................ 1-08 ; 6-45 4-06 5-99
M g ( ) ............................ 0-98 | 6-14 3-56 3-97
CaO 2-17 j 9-07 5-62 5-53
Xa2( ) ............................ 3-:u 3-24 3-28 3-59
k 2o ............................ 4-10 1-66 2-88 2-71
T i0 2 ............................ 0-39 1-41 0-90 1-18
r 2o 5 .............................. 0-24 0-48 0-36 0-42
M n O ............................ 0-13 0-30 0-21 0-14
Total 100-00 ! 100-00 100-00 100-00
I.— Average Composition of Granites of the World, (a) 
II.— Average Composition of Basalts of the World, (a)
III. — Mean of I. and II.
IV. — Average Composition of Volcanic Rocks of the Area.
(a) Daly, Igneous Rocks.
The estimated average composition of the parent magma 
bears a close relationship to the mean of the world’s average,
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granitic rock and the world’s average basaltic rock. (See 
Table X .) Whether this has any significance or not it is 
difficult to say, but it is certainly a matter of interest in 
view of the fact that there are many ardent advocates of 
the view that there are two primary magmas, an acid and 
a basic one. In any case, a commingling of these two 
magmas could only be regarded as furnishing the magmatic 
material which became differentiated somewhat on the lines 
outlined above.
IX . SUMMARY.
The area dealt with is one of 4,000 square miles, and 
is in the extreme south-eastern corner of Queensland.
The physical features have several marked charac­
teristics, and a close relationship between them and the 
volcanic rocks exists.
Important earth movements of a vertical kind only 
have taken place since the Pakeozoic era.
Volcanic rocks occur in great abundance, and the dis­
tribution of these rocks and their relationship to the 
sedimentary and metamorphic rocks of the area have been 
described and illustrated by means of a sketch-map and 
sketch-sections.
The maximum thickness of the volcanic products is. 
approximately 3,000 feet, and three well-marked strati­
graphic divisions of these have been definitely established.
A  close correlation between these volcanic rocks and 
those of Cairiozoie age in New South Wales and Victoria 
has been shown.
The upper division has a maximum thickness of 2,000 
feet, which is common throughout a large portion of the 
area, and which is made up of a large number of flows of 
basalt, andesitic basalt, and andesite; in some places pyro­
clastic accumulations occur.
The middle division has a maximum thickness of 1,000 
feet, and is made up of acid and sub-acid lava flows,^ugs, 
and in the south of a very extensive development oVacid 
pyroclastic material. '
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The lower division has a maximum thickness in one 
plane ot* 1,500 feet, though 100 feet is the average thickness, 
and it is made up mainly of basic lavas with occasional 
Hows of andesitic material.
The age of the activity which produced all the volcanic 
material of this area, with the exception of the Brisbane 
tuff, is believed to be Cainozoie, and that of the lower, 
middle and upper divisions to be of approximately lower, 
middle and upper Cainozoie age.
The evidence of previous observers, notably E. 0. 
Marks and R. A. Wearne, in favour of an upper Trias- 
Jura age for portion of the extruded material has been 
critically examined and rejected in favour of a post-Trias- 
Jura age for all the material.
The field occurrence of the volcanic rocks is recorded 
and they are shown in all cases to rest on top of the 
uppermost Trias-Jura deposits.
Extrusions both from fissures and central vents have 
taken place, though the greater portion of the basic and 
sub-basic material has been effused quietly from fissures.
Khyolites, trachytes, daeites, andesites and basalts 
have been recognised and petrographic descriptions re­
corded.
The distribution of trachytes as indicated by Dr. 
Jensen is criticised, also a general sketch-section through 
the area which he has published.
The chemical characters of the rocks are illustrated 
by thirty-five complete analyses, twenty-five of which have 
been recently made in the laboratory of the State Agricul­
tural Chemist.
By means of variation diagrams, the genetic relation­
ship existing between all the rocks is shown and three 
definite series have been recognised.
The three series are— (a) An alkaline series, the 
members of which range from acid to sub-acid, and belong 
to the middle division; (6) a sub-alkaline series, embracing
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.rocks from acid to basic, and occurring in all three divi­
sions; and (c) a series intermediate between (a) and (/>), 
containing rocks ranging from acid to basic and in all 
tin *ee divisions.
The chemical characters of the rocks in comparison 
with alkaline and sub-alkaline rocks in general is shown 
by means of variation diagrams. A  general paucity in 
alumina with a corresponding richness in total iron-oxides, 
a slight lack of lime and magnesia, and a slight excess of 
alkalies, especially soda, are characteristic of both series.
It is considered improbable that the assimilation of 
limestone material &e. by the primary magma took place 
to form the partial magmas from which all the alkaline 
rooks were formed in this area.
An estimate of the chemical nature of the original 
parent magma from which all the volcanic rocks have 
been derived has been made, and compares very closely 
with that of the average andesite as given by Daly.
During the Cainozoie era, this area was a sub-alkaline 
province, but during the middle portion of the era, several 
small alkaline sub-provinces existed.
The volcanic alkaline rocks constitute at the most 
5 per cent, of the volcanic material.
Harker’s generalisation that sub-alkaline rocks are 
associated with folding earth movements is not borne out 
by the evidence from this area.
The nature of the parent magma, its differentiation 
with the resulting series of rocks, and the sequence of the 
flows have been discussed.
A  geological sketch-map and four sketch-sections have 
been prepared to show the distribution, extent and strati­
graphic relationships of the rocks of the area; also from 
the chemical analyses a number of variation diagrams and 
a set of Brogger diagrams have been drawn up to show 
the relationships of the volcanic rocks to one another; a 
series of microphotographs of the more important rocks is 
also appended.
W )
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In conclusion my best thanks are due to Mr. R. A. 
Wearne, B.A., of Ipswich, for invaluable aid iri the field, 
to Mr. J. C. Brunnich the Agricultural Chemist and his 
officers, particularly Mr. G. Patten, for the many valuable 
rock-analyses which they have carried out, and to Professor 
E. W. Skeats, I).Sc., of the University of Melbourne, for 
very kindly criticisms.
X . DESCRIPTION OF PLATES.
Plate V.
Brogger Diagrams.
This shows Brogger diagrams for the thirty-five rocks 
whose analyses have been used to illustrate the chemical 
nature of the rocks. The diagrams are arranged in three 
divisions and show (a) the 18 rocks belonging to the sub- 
alkaline series, (b) the 9 rocks belonging to the intermediate 
series, and (c) the 8 rocks belonging to the alkaline series.
The diagrams have been drawn up in the usual way 
with the lengths laid off according to the molecular pro­
portions of the different oxides; the iron-oxides have been 
calculated together as ferrous oxide.
An interesting comparison between the sub-alkaline 
and alkaline series is shown, and the differences between 
tin* lime, magnesia and alkalies are brought out in a 
striking manner.
The intermediate character of the third series is 
clearly indicated.
The numbers on the diagrams correspond to those of 
the rocks on Table VII. (page 183).
Plates V I.-IX .
V ariation D iagrams.
These have been drawn up by plotting the silica 
percentages against the other oxides in percentages. In 
addition to the three curves for the three series, there are 
two curves as adapted by the author from curves drawn
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up by ITarker.51 In this way a comparison is obtained, not 
only of the rocks under consideration, but also of these 
with the world’s average alkaline and sub-alkaline series.
Plate YI. shows diagrams for lime and magnesia.
Plate VII. shows diagrams for soda, potash and also 
combined soda and potash.
Plate VIII. shows diagrams for alumina and total iron- 
oxides as ferrous oxide.
 ^ Plate IX . shows a diagram for combined alumina and
total iron-oxides as ferrous oxide.
The numbers of the rocks correspond to those given 
on Table VII. (page 183).
Plate X.
G eological S k e t c ii-M ap .
This is drawn up on a scale of six miles to an inch 
and is based on maps published by the Geological Survey 
and by IT. I. Jensen, D.Sc., with additions and alterations 
by the author. It shows the extent and distribution of the 
volcanic rocks of the area. No attempt has been made to 
map in the other igneous rocks which intrude the Palaeo­
zoic rocks in the northern part of the area.
The basaltic and andesitic rocks of both the upper and 
lower divisions have been denoted by the same marking.
The thick black lines across the map indicate the lines 
of the sections shown on Plate XI.
Plate XI.
Geological S k e t c h -S ections.
This contains four geological sketch-sections which 
have been drawn along lines which are marked on the 
map (Plate X .) by continuous thick black lines.
Fig. I.— Geological sketch-section in a north-easterly 
direction from the Main Range to Mount 
Flinders, and then east to the Pacific Ocean.
31 Harker, Nat. Hist. Igneous Rocks, pp. loO, lo l
0
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up by Ilarker.01 In this way a (‘omparison is obtained, not 
only of the rocks under consideration, but also of these 
with the world’s average alkaline and sub-alkaline series.
Plate VI. shows diagrams for lime and magnesia.
Plate VII. shows diagrams for soda, potash and also 
combined soda and potash.
Plate VIII. shows diagrams for alumina and total iron- 
oxides as ferrous oxide.
\ Plate IX. shows a diagram for combined alumina and
total iron-oxides as ferrous oxide.
The numbers of the rocks correspond to those given 
on Table VII. (page 183).
Plate X.
G eological S k e t c h -M ap .
This is drawn up on a scale of six miles to an inch 
and is based on maps published by the Geological Survey 
and by II. I. Jensen, D.Se., with additions and alterations 
by the author. It shows the extent and distribution of the 
volcanic rocks of the area. No attempt has been made to 
map in the other igneous rocks which intrude the Palaeo­
zoic rocks in the northern part of the area.
The basaltic and andesitic rocks of both the upper and 
lower divisions have been denoted by the same marking.
The thick black lines across the map indicate the lines 
of the sections shown on Plate XI.
Plate XI.
Geological S k etcii-S ections.
This contains four geological sketch-sections which 
have been drawn along lines which are marked on the 
map (Plate X .) by continuous thick black lines.
Fig. I.— Geological sketch-section in a north-easterly 
direction from the Main Range to Mount 
Flinders, and then east to the Pacific Ocean.
~ « Harker, Xat. Hist. Igneous Roeks, pp. 150, 151
0
Fig. II.—Geological sketch-section in a general north-west 
direction from MacPherson’s Range to the 
Albert River, north of Tamborine Plateau,,
Fig. 111.— Geological sketch-section north and south 
through Mount Lindsay.
Fig. IV.—Geological sketch-section east and west through 
Lamington Plateau.
These sketch-sections show clearly the relationships of 
volcanic rocks to the Mesozoic and Palaeozoic rocks, the 
thickness of the volcanic rocks, and also the relative thick­
nesses of the upper, middle, and lower divisions of volcanic 
rocks in different places.
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Plates X II.-X IV .
M icro-P hotographs.
All the micro-photographs are x 30, and in ordinary 
light except where otherwise indicated.
Plate X II.
Fig. 1.—Pitclistone from Mount Lindsay, showing fluxion 
structure around a phenocryst of felspar. The 
felspar shows corrosion and a partial replace­
ment by the brown glassy matrix. Sp. 228.
Fig. 2.—Perlitic pitchstone, Glass Cutting, Springbrook  
Plateau. Sp. 135.
Fig. 3.—Pitchstone, Moogerah School, near Mount Alford.
It shows spherulites, axiolites and a phenocryst 
of felspar. Sp. 20x.
Fig. 4.—Rhyolite, Mount Lindsay. X  nicols. Sp. 223.
Fig. 5.—Rhyolite, Mount Barney, showing micrographic 
structure. X  nicols. Sp. 220.
Fig. 6.—Rhyolite, S.E. of Tamborine Plateau, shows micro- 
spherulitic structure. X  nicols. Sp. 54c.
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Plate X III.
Fig. 1.— Rhyolite, Glennie’s Pulpit, Mount Alford, showing 
corroded phenoerysts of quartz and sanidine. 
X  nieols. Sp. 101.
Fig. 2.— Rhyolite, Glen Rock, Esk. Sp. 234.
Fig. 3.— Volcanic Breccia, Lainington Glen, Christmas
Creek. Sp. 99.
Fig. 4.— Augite-Andesite, portion 28v, parish of Biarra, 
near Ottaha Station, showing the resorption 
borders around the augite phenoerysts. Sp. 224.
Fig. 5.—Andesite, portion 18, parish of AVitherin, Tam- 
borine Plateau, showing the inclusions in I he 
plagioclase phenoerysts, also the clear borders 
of the latter. Sp. 123.
Fig. 6.— Andesite, One Tree Hill, Coolangatta. Showing 
one phenocrvst of plagioclase with a zonal 
arrangement of inclusions, and another thickly 
studded with inclusions. Sp. 9.
Plate XIV .
Fig. 1.— Andesitic-Basalt, upper flow, Point Danger, show­
ing portion of a large plagioclase phenocrvst. 
X  nieols. Sp. 11.
Fig. 2.— Andesitic-Basalt, Lamington Plateau, showing 
phenoerysts of plagioclase and olivine, the latter 
mineral being much altered into iddingsite. X  
nieols. Sp. 85.
Fig. 3.— Lower Basalt, Chinghee Creek, portion GO, parish 
of Telernon. Sp. 04.
Fig. 4.— Basalt, Quarries, Bundamba, showing patches of 
glass thickly studded with rods of the iron- 
ores. Sp. 237.
VOLCANIC ROCKS OF SOUTH-EASTERN QUEENSLAND.
5.— Oligoclase Basalt, Spicer’s Peak, showing a pheno- 
cryst of olivine altering into serpentine. The 
other dark patches are mainly chlorite. Sp. 116.
0.— Basalt, 3,000-ft. level, south-east slope of Mount 
Lindsay, showing the very fine-grained nature, 
Ihe fluxion structure and the somewhat banded 
appearance. Sp. 221.
1
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